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CHEMICAL COMPOUNDS 



The present invention relates to certain phenylaminoalkyl-2-imidazoline 
compounds and their use in the treatment of various diseases and conditions such as 
urinary incontinence. 

Alpha- 1 A adrenoceptors ("alpha- 1 A") are specific neuroreceptor proteins 
located in the peripheral and central nervous systems and on tissues throughout the 
body. The receptors are important switches for controlling many physiological 
functions and represent important targets for drug development. Certain alpha- 1 A 
agonists are known and are indicated to be useful in treating various disease states 
including urinary incontinence, nasal congestion, priapism, depression, anxiety, 
dementia, senility, Alzheimer's, deficiencies in attentiveness and cognition, and eating 
disorders such as obesity, bulimia, and anorexia. See for example, European patent 
application EP 0,887,346 A2 (Cournoyer et al.) which discloses certain phenyl and 
aminophenyl alkylsulfonamide and urea derivatives said to be alpha- 1 A agonists. See 
also international patent publication WO 96/38143 (Craig et al.). 

There are many examples of known imidazoline derivatives. See, for 
example, the following U.S. patents: U.S. patent 4,254,133 (Kristinsson and Traber) 
discloses certain phenylaminoalkyl-2-imidazoline compounds said to be useful for 
controlling ectoparasites. U.S. patent 3,754,002 (Brown) discloses certain substituted 
imidazolinylmethyl anthranilates said to stimulate the alpha-adrenergic nervous 
system of mammals. U.S. patent 4,414,223 (Copp et al.) discloses certain 
anilinomethylimidazolines said to be useful as pesticides. U.S. patent 4,483,858 
(Saari) discloses certain imidazoline derivatives said to have antihypertensive activity. 
U.S. patent 4,506,074 (Huff et al.) discloses certain imidazoline derivatives said to be 
selective alpha-2 adrenergic receptor antagonists and alpha- 1 adrenergic receptor 
agonists. See also the following publications. "Alpha- Adrenergic Activities of Some 
Substituted 2-(Aminomethyl)imidazolines," by Walfred S. Saari et aL, J.Med.Chem., 
vol. 26 (no.12), pp. 1769-1772, (1983). 

Briefly, in one aspect, the present invention discloses compounds of formula 
(I) and pharmaceutically acceptable salts and solvates thereof, 
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where R 2 , R 3 , R 4 , and R 5 are independently H, halogen, -OH, -Cj- 3 alkyl, -Ci. 3 alkoxy, 
-SC|. 2 alkyl, or -CF 3 , with the proviso that at least 2 of R 2 , R 3 , R 4 , and R 5 are H; 
R 6 isHor-CH 3 ; 

R 1 is -S(Q) n R 7 where, n is 1 or 2, -S(0) 2 NHR 8 , -C(Q)R 9 , -NR I4 R 15 , -C(R 17 )=NOR 16 , 



or a 5, 6, or 7 membered heteroalkyl or heteroaryl group optionally substituted with 1 

or two groups selected from the group consisting of the following substituents for 

carbon: Ci- 3 alkyl, -CH 2 CF 3 , -CF 3 , F, CI, Ci- 2 alkoxy, Ci. 2 thioalkyl, and the following 

substituents for nitrogen: Cj. 3 alkyl and -CH 2 Ci_ 2 fluoroalkyl; 

R 7 is Ci. 3 alkyl or Ci_ 2 fluoroalkyl; 

R 8 is Ci. 3 alkyl or -CH 2 C N2 fluoroalkyl; 

R 9 is C,. 3 alkyl optionally substituted with 1-3 fluorine atoms, -NR 10 R M , -NHNR I2 R 13 , 
-CH 2 SQ 2 CH 3 , 



R lu is H or C N2 alkyl; 

R 11 is H, cyclopropyl, cyclopropylmethyl, C 3 ^alkenyl with the proviso that any 
unsaturation is not adjacent to the depicted nitrogen, or Ci^alkyl optionally 
substituted with hydroxy, Ci. 3 alkoxy, or 1-3 fluorine atoms with the proviso that the 
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l^^s bonded to the depicted nitrogen is ^^>c 
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5 carbon atom in R 1 1 ihK bonded to the depicted nitrogen is ^Ronded to either a 
fluorine or an oxygen; 
R l2 isHorC,. 2 alkyl; 

R 13 is H, C 3 . 5 cycloalkyl, cyclopropylmethyl, -S0 2 CH 3 , -C(0)CH 3 , C 3 . 6 alkenyl with 
the proviso that any unsaturation is not adjacent to the depicted nitrogen, or C N6 alkyl 
1 0 optionally substituted with hydroxy, C,. 3 alkoxy, or 1 -3 fluorine atoms with the 
proviso that the carbon atom in R 13 that is bonded to the depicted nitrogen is not 
bonded to either a fluorine or an oxygen,; 
R 14 is H or C,. 2 alkyl; 

R 15 is C 3 . 5 cycloalkyl, cyclopropylmethyl, C^alkenyl with the proviso that any 
1 5 unsaturation is not adjacent to the depicted nitrogen, or C i^alkyl optionally 

substituted with hydroxy, Cj. 3 alkoxy, or 1-3 fluorine atoms with the proviso that the 

carbon atom in R 15 that is bonded to the depicted nitrogen is not bonded to either a 

fluorine or an oxygen; 

R 16 is C,. 2 alkyl; 
20 R 17 isHorC,. 3 alkyl; 

R 20 is H; and 

R 18 , R 19 , R 21 , and R 22 are independently H, halogen, hydroxy, C,. 3 alkyl, C,. 3 alkoxy, - 
SCi. 2 alkyl, or -CF 3 with the proviso that at least one of R 18 , R 19 , R 21 , or R 22 is other 
than H. Preferably, the compounds of this invention are alpha- 1 A agonists. 

In another aspect, the present invention discloses a method for prevention or 
treatment of an alpha- 1 A mediated disease or condition comprising administration of 
a therapeutically effecti ve amount of a compound of this invention. As used herein, 
"a compound of the invention" means a compound of formula (I) or a 
pharmaceutical^ acceptable salt, or solvate thereof. Alpha- 1 A agonist mediated 
diseases or conditions include urinary incontinence, nasal congestion, priapism, 
depression, anxiety, dementia, senility, Alzheimer's, deficiencies in attentiveness and 
cognition, and eating disorders such as obesity, bulimia, and anorexia. In particular, 
the compounds of this invention are useful in the treatment and prevention of urinary 
incontinence. 

In another aspect, the present invention provides pharmaceutical compositions 
comprising a compound of the invention, preferably in association with a 
pharmaceutical ly acceptable diluent or carrier. 
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In another aspect, the present invention provides a compound of the invention 
for use in therapy, and in particular, in human medicine. 

In another aspect, the present invention provides the use of a compound of the 
invention for the manufacture of a medicament for the treatment of an Alpha- 1 A 
mediated disease or condition. 

Preferably, R 2 , R 3 , and R 5 are H or F. 

Preferably R 4 = H, F, CI, -OCH 3 , or -CH 3 . Most preferably, R 4 is H, F, or CI. 
Preferably, R 6 is H. 

Preferably, when R 1 is said 5, 6, or 7 membered heteroalkyl or heteroaryl 
group, R 1 is an imidazolidinyl, azepinyl, piperidyl, pyrrolidinyl, pyridyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl, pyranyl, furyl, thienyl, 
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl, triazolyl, or tetrazolyl group. 
Preferably, said 5, 6, or 7 membered heteroalkyl or heteroaryl group is unsubstituted 
or monosubstituted. Most preferably, said 5, 6, or 7 membered heteroalkyl or 
heteroaryl group is: 
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R 28 





R 29 




R R R N nr R 




. or 



where R 23 is H, C,. 3 alkyl, or 2,2,2-trifluoroethyl, R 24 is H, C,. 3 alkyl, or 2,2,2- 
trifluoroethyl, R 25 is H, methyl, or ethyl, R 26 is H, methyl, or ethyl, R 27 is H or 
methyl, R 28 is H or methyl, R 29 is H or methyl, R 30 is H or methyl, R 3 ' is H or methyl, 

32 

R is H, methyl, ethyl, or trifluoromethyl, R 33 is H or methyl, R 34 is H or methyl, R 35 
is H, methyl, amino, or hydroxy (or a tautomeric form). Most preferably, R 23 is 
isopropyl or 2,2,2-trifluoroethyl, R 24 is methyl or ethyl; and R 25 is methyl or ethyl. 
Preferably, R 1 is -S(Q) n R 7 , S(0) 2 NHR 8 , 
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Most preferably, R 1 is -S(0) n R 7 . 
Preferably, n is 2. 
Preferably, R 7 is CH 3 . 
Preferably, R 8 is CH 3 . 
Preferably, R 9 is -NR 10 R M , 



Preferably, R 11 is C2-4alkyl or cylopropyl. 

Preferably, at least one of R 18 and R 19 is -CH 3 , -OCH 3 , CI, or F. Most 
preferably, R 21 and R 22 are H. 

While the preferred groups for each variable have generally been listed 
above separately for each variable, preferred compounds of this invention include 
those in which several or each variable in Formula (I) is selected from the preferred, 
more preferred, or most preferred groups for each variable. Therefore, this invention 
is intended to include all combinations of preferred, more preferred, and most 
preferred groups. 

Suitable compounds of this invention include: 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyi)amino]-N-propylbenzamide 
N-cyclopropyl-2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]benzamide 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-methylbenzamide 
{ 2 - [(4,5-dihy dro- 1 H-imidazol-2-y lmethy l)amino]pheny 1 } (4-morpholiny l)methanone 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N,N-diethylbenzamide 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethyl-N-methylbenzamide 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-methyl-N-propylbenzamide 
N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(l,3-oxazol-5-yl)aniline 

1- {2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]phenyl}-l-ethanone 
N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(2-pyrazinyl)aniline 
N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(2-methyl-l,3-thiazol~4-yl)aniline 
N~(4,5-dihydro- 1 H-imidazol-2-y lmethyl)-2-( 1 -methyl- 1 H-pyrazol-3-y l)aniline 
N-(4,5-dihydro- 1 H-imidazol-2-y lmethy l)-2-( 1 -methyl- 1 H-pyrazol-5-y l)aniline 
N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(methylsulfonyl)aniline 

2- [(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-methylbenzenesulfonamide 
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* N -( 4 .5-di hy dro-lH. im idazo 1 .2. y , m e,h y ]).2.(,. m e« hyI . 1H -p yrrol . 2 . y , )aniline 

N-(4,5-dih y dro-lH-in 1 idazol.2- y | m e,h y l > 2-(,-e,h y l-lH.p yr azo|.3- y l) a „ili n e 
N-(4,5-dih y dro- ,H-imida^,-2- y lme,h y l)-2-( I -ethyl-, H-p y razol-5- y l)anili„e 

2-[(4, 5 -dih y dro-,H-in li dazol-2- y tae,h y ,)a mi „o]-N-e«h y lbe^ne su lf„namide 
N-(4, 5 -d i h y dro- 1 H. tai d a zo,-2- ylm e t h y ,)-2-( 1 -e«h y ,.lH-p yro ,-2- y ,)a„ ili „e 

j-yljaniline 

N-(4,5-dih y dro-lH-i mi dazol-2- y l m =th y l)-2-(eth y lsulfon y l)amline 

N<4, 5 .d i h y dro-lH-i m idazol-2- y , m e,h y l)-5.fluoro-2-(me«h y ,suIfo, y l)a I1 mne 
^. 5 -*Mro-.H-i m idazol-2- y , m e, hy ,). 5 - chloro . 2 . (memyIsu , fonyl ^ |iM 

^%*°-lH-imida^^ 
"-^-^^^ 

N-(4,-d,h y d ro -IH-i mi dazo,-2- yto e t h yl )-2-n- i sop r o PyI - 1 H- 1 ,2,4-, ria2 „ 1 - 5 - yl]aniline 
and pharmaceutical^ acceptable salts and solvates thereof. 

Particularly preferred compounds of this invention include' 
N-C^S-dthydro-lH-imidazol-^toeutyD-Z-d-eUryl-lH-pyrazol-S-yDaniline 

N- . 5 ^o-,H- im idazo,-2- y , m eu, y ,,.2.[ 1 -(2,2,2-,nfluoroe,h yI ,- 1 H.,,2,4- Ui azo,- 

N-(4,5-dih y dro-lH-imidazol-2- y l m e,h y l)-2-(meth y lsulfon y l)aniline 
and pharmaceutically acceptable salts and solvates thereof. 

The terms C,. 3 alkyl, C«c y c,oalk y l, C3^alke„ y l and the like, as used herein 
■ndtcate groups that ma y contain the indicated range of cazbon atoms, for example i 
^carbon atom, Unless otherwise indicated, such groups can be straight chained or 

Those skilled in the an will recognize that slereocenters exjs , .„ some 
compounds of Formula (,). According,,, the present invention includes all possible 
stereo.somers and geometric isomers of formuta (,) and includes no, o„l y racemic 
compounds bu, a,so the optica,,, active isomers as „e„. When a compound of 
formula (I) is desired as a single enamiomer, 1, ma y be ob,a.„ed etther b y reso,u,ion 
of the final product or b y stereospeciftc synthesis from ei,her isomerically pure 
starring material or an y convenient intermediate. Resolution of the (ina, produc, an 
■ntermediate or a starting material ma y be effected b y a„ y suitable memod known in 
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.he art. See, for exarn^ Stgreochennsti^ of Carbon Compoft by E. L. Eliel 
(McGraw Hill, 1 962) and Tables of Resolving Agents by S. H. Wilen. Additionally, 
in situations where tautomers of the compounds of formula (I) are possible, the 
present invention is intended to include all tautomeric forms of the compounds. 

It will also be appreciated by those skilled in the art that the compounds of the 
present invention may also be utilized in the form of a pharmaceutical^ acceptable 
salt or solvate thereof. The physiologically acceptable salts of the compounds of 
formula (I) include conventional salts formed from pharmaceutical^ acceptable 
inorganic or organic acids or bases as well as quaternary ammonium acid addition 
salts. More specific examples of suitable acid salts include hydrochloric, 
hydrobromic, sulfuric, phosphoric, nitric, perchloric, acetic, propionic, succinic, 
glycolic, formic, lactic, maleic, tartaric, citric, pamoic, malonic, hydroxymaleic, 
phenylacetic, glutamic, benzoic, salicylic, fumaric, toluenesulfonic, methanesulfonic, 
naphthalene-2-sulfonic, benzenesulfonic hydroxynaphthoic, hydroiodic, malic, 
steroic, tannic and the like. Other acids such as oxalic, while not in themselves 
pharmaceutical^ acceptable, may be useful in the preparation of salts useful as 
intermediates in obtaining the compounds of the invention and their pharmaceutical^ 
acceptable salts. More specific examples of suitable basic salts include sodium, 
lithium, potassium, magnesium, aluminium, calcium, zinc, N,N'- 
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine, 
N-methylglucamine and procaine salts. References hereinafter to a compound 
according to the invention include both compounds of Formula (I) and their 
pharmaceutically acceptable salts and solvates. 

It will be appreciated by those skilled in the art that reference herein to 
treatment extends to prophylaxis as well as the treatment of established diseases or 
symptoms. Moreover, it will be appreciated that the amount of a compound of the 
invention required for use in treatment will vary with the nature of the condition being 
treated and the age and the condition of the patient and will be ultimately at the 
discretion of the attendant physician or veterinarian. In general, however, doses 
employed for adult human treatment will typically be in the range of 0.02 - 5000 mg 
per day. The desired dose may conveniently be presented in a single dose or as 
divided doses administered at appropriate intervals, for example as two, three, four or 
more sub-doses per day. 
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'. While it is possible that compounds of the present invention may be 

therapeutically administered as the raw chemical, it is preferable to present the active 
ingredient as a pharmaceutical formulation. Accordingly, the present invention 
further provides for a pharmaceutical formulation comprising a compound of Formula 
(I) or a pharmaceutically acceptable salt or solvate thereof, preferably together with 
1 0 one or more pharmaceutically acceptable carriers therefor and, optionally, other 
therapeutic and/or prophylactic ingredients. 

Formulations of the present invention include those especially formulated for 
oral, buccal, parenteral, transdermal, inhalation, intranasal, transmucosal, implant, or 
rectal administration, however, oral administration is preferred. For buccal 
administration, the formulation may take the form of tablets or lozenges formulated in 
conventional manner. Tablets and capsules for oral administration may contain 
conventional excipients such as binding agents, (for example, syrup, acacia, gelatin, 
sorbitol, tragacanth, mucilage of starch or polyvinylpyrrolidone), fillers (for example, 
lactose, sugar, microcrystalline cellulose, maize-starch, calcium phosphate or 
sorbitol), lubricants (for example, magnesium stearate, stearic acid, talc, polyethylene 
glycol or silica), disintegrants (for example, potato starch or sodium starch glycollate) 
or wetting agents, such as sodium lauryl sulfate. The tablets may be coated according 
to methods well known in the art. 

Alternatively, the compounds of the present invention may be incorporated 
into oral liquid preparations such as aqueous or oily suspensions, solutions, 
emulsions, syrups or elixirs, for example. Moreover, formulations containing these 
compounds may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations may contain conventional 
additives such as suspending agents such as sorbitol syrup, methyl cellulose, 
glucose/sugar syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, 
aluminum stearate gel or hydrogenated edible fats; emulsifying agents such as 
lecithin, sorbitan mono-oleate or acacia; non-aqueous vehicles (which may include 
edible oils) such as almond oil, fractionated coconut oil, oily esters, propylene glycol 
or ethyl alcohol; and preservatives such as methyl or propyl p-hydroxybenzoates or 
sorbic acid. Such preparations may also be formulated as suppositories, e.g., 
containing conventional suppository bases such as cocoa butter or other glycerides. 

Additionally, formulations of the present invention may be formulated for 
parenteral administration by injection or continuous infusion. Formulations for 
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injection may take s 




brms as suspensions, solutions, or eWKsions in oily or 



aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing 
and/or dispersing agents. Alternatively, the active ingredient may be in powder form 
for constitution with a suitable vehicle (e.g., sterile, pyrogen-free water) before use. 

The formulations according to the invention may also be formulated as a depot 
preparation. Such long acting formulations may be administered by implantation (for 
example, subcutaneously or intramuscularly) or by intramuscular injection. 
Accordingly, the compounds of the invention may be formulated with suitable 
polymeric or hydrophobic materials (as an emulsion in an acceptable oil, for 
example), ion exchange resins or as sparingly soluble derivatives as a sparingly 
soluble salt, for example. 

The formulations according to the invention may contain between 0.1- 99% 
of the active ingredient, conveniently from 30 - 95% for tablets and capsules and 3 - 
50% for liquid preparations. 

The compounds in the invention can, in general, be prepared by reaction of an 
aniline with 2-(chloromethyl)imidazoline hydrochloride, as shown in Equation 1 . The 
reaction is run in a protic solvent such as methanol, ethanol, methoxyethanol, 
isopropanol, butanol, or phenol, at temperatures from about 80-140°C for about 10 
minutes to 24 hours. The product can be isolated by standard procedures known to 
one skilled in the art, such as extraction from aqueous at appropriate pH, 
crystallization, or chromatography on either silica or basic alumina. Similar 
procedures, as well as alternative routes can be found, for example in U.S. patent 
4,414,223 (Copp et aL). 




Equation 1 



Many of the anilines can be obtained by reduction of an aromatic nitro group. 
Nitro reductions, for example as shown in Equation 2, can be performed by known 
methods. See, for example, M. Hudlicky, Reductions in Organic Chemistry , Second 
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Edtition, ACS Mongraph 1 88, and European patent publication EP 0083975 B 1 
(Anthony Wolf et al.). 




The reductions can, for example, be run by one or more of the following 
methods: 

A) by catalytic hydrogenation with 5-10% palladium on charcoal, or platinum oxide, 
in an inert solvent such as ethanol at ambient temperature (see Hudlicky). 
Hydrogen may be introduced at atmospheric or at elevated pressure, 20-40 psi, for 
shorter reaction times, or via transfer from an appropriate source, such as 
hydrazine or ammonium formate. See, for example, Hudlicky, p. 15 and 
references therein. 

B) with stannous chloride or tin and hydrochloric acid, either neat or in an inert 
solvent such as methanol, at about 25-80°C for 0.5 to 10 hours. See, for example, 
G. Corsi, et al., Boll. Chim. Farm., (1964), 103, 115; J.H. Finley, J. Heterocycl. 
Chem., (1969), 6, 841; A. Quilico et al., Gazz. Chim. Ital, (1946), 76, 87; and M. 
Khan and J. Poyla, J. Chem. Soc. C, (1970), 85. 

C) with sodium sulfide in 50% aqueous dioxane at about 25-80°C for 0.25 to 1 hour 
or with sodium sulfide and sodium bicarbonate in refluxing methanol for 1 to 10 
hours. For details refer to Y. Lin and S. Lang, Jr., J. Heterocycl. Chem., (1980), 
17, 1273 and P. Smith and J. Boyer, J. Am. Chem. Soc, (1951), 73, 2626 
respectively. 

Many ortho-(imidazolidinyl, imidazolyl, oxazolyl, isoxazolyl, oxadiazolyl, 
thiazolyl, thiadiazolyl, triazolyl, or pyrazolyl) substituted nitro or aminophenyl 
intermediates can be prepared, for example as described in European patent EP 
0083975 Bl (Anthony Wolf et al.). 



10 



PU3650 



10 



Some ortho-pynmidinyl substituted nitrophenyl inteHiates can be prepared 
in an analogous fashion to the pyrazoles cited in European patent EP 0083975 B 1 
using amidines or guanidines in place of hydrazines. 

Ortho-(pyrrolyl, pyrrolidinyl, piperidyl, azepinyl, and tetrazolyl) substituted 
nitrophenyl intermediates can be prepared by displacement of halogen from the 
corresponding ortho-halo nitrophenyl compound. For a review on aromatic 
nucleophilic substitution, see, for example, Zoltewicz, Top. Curr. Chem (1975) 59 
33-64 J ' ' 



Many ortho-toddy!, pyridaziny], pyrimidiny., pyrazinyl, fiuyl, thieny, 
pyrolyl and substitmed phenyl) substituKd ^ „ ^ 

prepared by a paHadium mediated coupling of either the or,ho-ha,o nitropheny, 
denvative and an appropriate boronic acid or tria,ky,s,annan= derivative, or ,he Boc- 
protecred ormo-anrinophenyiboronic acid or trialkylstannane derivative and an 
appropriate hahde partner. The protecting group can then be removed under standard 
condmons. See, for example, Green, Prmective^i^^ Second 
Ed,„on, W„ey and Sons, (,991). For procedures fo, the palladium catalyzed cross- 
couphng, see, for example, Snieckus e, al., J. Org. Chen,., (.995), 60, 292 and 
Smeckus e. al., Syndesis, (,989), ,84. Many of these intermediates can also be 

ZT* T S Z UUma " coup,in8 ' For a rcview ' see - for 

(1 974), 9-2 1 . Other commonly used methods for Conning aryl-atyl bonds can be 
found, for example, in Btingmann e. a,., Ange*. Chem. In, Ed. Engl., (,990) 29 
977-991. ""•l.zy, 

Ortho-oxime etiter substituted nitrophenyl derivatives can be prepared by 
condensation of an a,koxy,ami„e with an ormo-nitrobenzaldehyde or phenyialkanone 
denvattve under standard conditions. For details of a similarprocedure see for 
example, Jencks, J. An, Chen,. Soc, (,959), 81, 475 and Prog. Phys. Org Chen, 
(1964), 2, 63-128. S ' ' 

Anilines substituted a, the oriho position with an amide can be prepared by 
openmg isatoic anhydride with a primary or secondary amine, as demonstrated for 
exatnpJe, by R. Jacobs,./ He.erocycl. Chen,., (1970), 7, 1337-1345. Anilines ' 
substituted a, the ortho position with hydrazides can be prepared in a similar manner 
opening isatoic anhydride with substi.uted hydrazines, as described, for example by' 
FU,0P and K ' Pihla J a - Org- Prep. Proced. In,, (, 9 9I), 23, 377-378 
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This approach can be generalized to anilines with additional phenyl ring 
substituents, by opening substituted isatoic anhydrides. Substituted isatoic anhydrides 
can be prepared from the corresponding substituted 2-aminobenzoic acids by 
treatment with phosgene in toluene and aqueous sodium hydroxide solution, using a 
procedure described, for example, by G. Coppola and H. Schuster, J. HeterocycL 
Chem., (1989), 26, 957-964. 

Anilines substituted with ketones at the ortho position can be prepared by 
several routes, including, for example, the addition of an alkylmagnesium halide to 
anthranilonitrile, followed by aqueous acid treatment. A relevant example of this 
well-known procedure, the synthesis of aminophenyl isopropyl ketone, can be found, 
for example, in J. Robl, Synthesis, (1991), 56-58. 

Many substituted 2'-aminoacetophenones can be synthesized as described, for 
example, by R. Albrecht, Liebigs Ann. Chem., (1978), 617-626. For example, l-(2- 
aminophenyl)-2-(methylsulfonyl)ethanone, with or without additional phenyl ring 
substituents, can be prepared by treating the ester of the appropriate anthranilic acid 
with a solution of MeS0 2 CH 2 Na in dimethylsulfoxide. 

N-(4,5-dihydro-l H-imidazol-2-ylmethyl)-2-(alkylsulfonyl)anilines can be 
prepared, for example, by the general route from CMI and the appropriate 2- 
(alkylsulfonyl)anilines. Alternatively, N-(4,5-dihydro- 1 H-imidazol-2-ylmethyl)-2- 
(alkylsulfonyl)anilines, with or without additional phenyl ring substitutions, can be 
prepared, for example, by oxidation of the corresponding N-(4,5-dihydro-lH- 
imidazol-2-ylmethyl)-2-(alkylthio)anilines, for example, by using a variety of 
oxidants that are commonly employed to oxidize sulfides to sulfones, including, for 
example, m-chloroperoxybenzoic acid or potassium peroxymonosulfate (as 
OX ONE®, Aldrich Chemical Co., Milwaukee, Wisconsin). 

N-(4,5-dihydro-l H-imidazol-2-ylmethyl)-2-(alkylthio)anilines can be 
prepared, for example, by the general route from CMI and the appropriate 2- 
(alkylthio)aniline. Careful treatment with 1 equivalent of oxidant can be used to 
prepare N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(alkylsulfinyl)anilines from the 
corresponding N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(alkylthio)anilines. 
Enantiomers can be separated by preparative chiral column chromatography. 

2-(alkylsulfonyl)anilines can be prepared by oxidation of the corresponding 2- 
(alkylthio)aniline using m-chloroperoxybenzoic acid. Alternatively, 2- 



12 



PU3650 




(alkylsulfonyl)anilines can be prepared by reduction of the coffsponding 2- 
(alkylsulfonyl)nitrobenzene. 2-(Alkylsulfonyl)nitrobenzenes can be prepared by 
several routes, including alkylation of a 2-nitrophenylsulfinate salt, derived from the 
corresponding 2-nitrophenylsulfonyl chloride. Several examples of phenylsulfmate 
salt alkylations are described by A. Goldberg and D. Besly, J. Chem. Soc, 1945, 566- 



2-(Alkylthio)anilines can be prepared by several routes, including alkylation 
of a 2-mercaptoaniline with an alkyl halide or other suitable alkyl electrophile. 
Thioether formation has been reviewed by Peach in Patai, The Chemistry of the Thiol 
Group, pt. 2; Wiley: New York, 721-735 (1974). Alternatively, 2-(alkylthio)anilines 

15 may be prepared by ortho-metallation of an appropriate trifluoroacetanilide, followed 
by quenching with an alkyl disulfide and removal of the trifluoroacetyl group with 
aqueous base, as described by B. McKittrick, et.al., J. Heterocycl Chem., 1990, 27, 
2151-2163. 2-(Alkylthio)anilines may also be prepared by addition of a mercaptan to 
an ortho-halonitrobenzene (ortho-fluoronitrobenzenenes are particularly suitable), as 

20 described by J. Slade, et.al., J. Med. Chem., 1985, 28, 1517-1521, followed by 
reduction of the nitro group using standard conditions. 

Some 2-mercaptoanilines can be prepared by alkaline hydrolysis of an 
appropriate benzothiazole, as described by R. Gupta, et.al., J. Heterocycl Chem., 
1980, 17, 1325-1327, and by T. Aotsuka, et.al., Chem. Pharm. Bull, 1994, 42, 1264- 



o-Amino-N-alkylbenzenesulfonamides can be prepared via the reaction of an 
alkylamine and an appropriate o-nitrobenzenesulfonyl chloride, followed by reduction 
of the nitro group using standard conditions. This common two-step approach is 
exemplified by A. Beckwith and G. Meijs, J. Org. Chem., 1987, 52, 1922-1930, and 
by C. Mayfield and J. DeRuiter, J. Med. Chem., 1987, 30, 1595-1598. 

The following examples are set forth to illustrate the synthesis of some 
particular compounds of the present invention and to exemplify general processes. 
Accordingly, the following Examples section is in no way intended to limit the scope 
of the invention contemplated herein. 



10 



571. 



25 



1271. 



Examples 



2-(Chloromethyl)-2-imidazoline Hydrochloride ("CMI") 
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: This intermediate, prepared according to the method of Klarer and Urecrr 

[Ueh.Chim.Acta, 1944, 27, 1762-1773], was found to contain 18-25 mole% of NH4CI 
by NMR. This material is used throughout the following experimental; 2- 
(chloromethyl)-2-imidazoline hydrochloride will be commonly referred to as CMI. 
This material could also be purified as follows. An 8.5 g sample of CMI 
0 which was 1 8 moleo/ 0 NH 4 C1 by NMR, was treated with 75 mL of ice cold IN NaOH 
Th,s solution was saturated with NaCl and extracted with EtOAc, CHCI3, and Et,C- 
The combined extracts were dried and evaporated to give 5.75 g of a white solid" 
This free base was dissolved in 100 mL of Et 2 0 and treated with 20 mL of 4N HC1 in 
dioxane. A white precipitate formed. The slurry was stored in the freezer overnight 
The CMI-HC1 was filtered, washed with Et 2 0, and dried under house vacuum in a 
desiccator, to yield 7.14 g of white solid, which was very pure by NMR. 

General procedure f or CMI coup ling 

The reaction is generally run in a protic solvent such as methanol, ethanol 
methoxyethanol, isopropanol, butanol. or phenol, at temperatures from approximately 
80-150°C for 10 minutes to 24 hours, as needed. Typically, two equivalents of aniline 
are used, though less may be used if a base such as 2,6-lutidine is added. The product 
can be isolated by standard procedures known to one skilled in the art, such as 
extraction from aqueous at appropriate P H, crystallization, and/or chromatography on 
either silica or basic alumina. Often the products are converted to an appropriate acid 
addition salt, such as the hydrochloride or fumarate derivative. Similar procedures, as 
well as alternative routes can be found in US patent 4,414,223. 

Example 1 

N-(4,5-Dihydro- l H H^ 

2-Methylmercaptoaniline (27.9 g, 200 mmol), CMI (13.5 g, 87 mmol), and 
Phenol (10 g) were mixed in a round bottom flask under a nitrogen atmosphere and 
•mmersed in a 120°C oil bath with magnetic stirring. After 70 minutes the reaction 
mixture was allowed to cool to ambient temperature and mixed thoroughly with ethyl 
acetate (100 mL) and water (500 mL). The organic phase was discarded and the 
aqueous phase was washed with four more volumes of ethyl acetate (1 00 mL each) 
Ethyl acetate (100 mL) was added and then 10N sodium hydroxide (9 mL) was added 
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5 slowly to the stirred mixture. The ethyl acetate phase was discarded. ION sodium 
hydroxide (13 mL) was added and the mixture was extracted four times with ethyl 
acetate (100 mL each). The combined extracts were dried (MgS0 4 ) and evaporated in 
vacuo to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(methylthio)aniline (16.8 g, 

87%). 

10 N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(methylthio)aniline (16.8 g, 76 

mmol) was stirred in methanol (250 mL) and cooled in an ice bath. A solution ofm- 
chloroperoxybenzoic acid (37 g of -70 wt %) in methanol (200 mL) was added 
dropwise over 1 hour while the temperature of the mixture was maintained below 
28°C. After 20 minutes, additional m-chloroperoxybenzoic acid (2.0 g) was added 

15 and stirring continued for 20 minutes. The reaction mixture was reduced in vacuo to a 
slurry (--40 mL volume), diluted with water (250 mL) and ethyl acetate (250 mL), and 
treated with 10N sodium hydroxide (15 mL). The ethyl acetate phase and five 
additional ethyl acetate extracts (100 mL each) were combined and washed with 0.1N 
NaOH (50 mL). Additional 10N sodium hydroxide (10 mL) was added to the 

20 aqueous phase and two ethyl acetate extracts ( 100 mL each) were collected and 
washed with 0.1N NaOH (lOmL) and all of the ethyl acetate phases combined. 
Drying (MgS0 4 ) followed by evaporation gave N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-(methylsulfonyl)aniline (12.3 g, 48.5 mmol), which was dissolved in 
ethyl acetate (450 mL). Fumaric acid (5.6 g, 48.5 mmol) was dissolved in methanol 

25 (80 mL) and the ethyl acetate solution of N-(4,5-dihydro-l H-imidazol-2-ylmethyl)-2- 
(methylsulfonyl)aniline was added to the rapidly stirred methanolic solution of 
fumaric acid. The mixture was stored at 4°C for 16 hours and the resulting crystals 
were collected and dried in vacuo to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2- 
(methylsulfonyl)aniline as the fumaric acid salt (12.8 g, 45%). X U NMR (400 MHz, 

30 DMSO-d 6 ) 5 10.96 (brs); 7.65 (d, J= 7.8 Hz, 1H); 7.49 (dd, J AB =7.5 Hz, J ac =7.5 Hz, 
1H); 6.85 (dd, J AB =7.5 Hz, J AC =7.5 Hz, 1H); 6.78 (d, J= 8.3 Hz, 1H); 6.73 (t, J= 5.8 
Hz, 1H); 6.46 (s,lH); 4.36 (d, J= 5.5 Hz, 2H); 3.73 (s,4H); 3.19 (s,3H). l3 C NMR 
5 168.5, 167.7, 145.5, 135.4, 135.1, 129.5, 122.2, 116.9, 112.4, 45.6, 42.6, 
42.6. Mass. Spec. 254 (100%) (M+H); 184 (85%) (M+H-70). Anal. Calc'd for 

35 C l5 H 19 N3S06: C 48.77, H 5.15, N 11.38, S 8.67 Found: C 48.24, H 5.12, N 1 1.05, S 
8.39. IR(KBr) (cm" 1 ) 3348, 3088, 2933, 2786, 2670, 1698, 1598, 1518, 1462, 1368, 
1285, 1132, 1047, 754, 646, 520. 
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Example 2 

N-(4,5-Dihydro>lH-imidazol-2-ylmethyI)-2-(ethylsulfonyl)aniliDe fumarate 

2-Aminothiophenol (5.0 g, 40 mmol, Lancaster Synthesis Inc., Windham, 
New Hampshire) was stirred in dry ethanol (100 mL) and cooled in an ice bath. 
Potassium /-butoxide (4.5 g, 40 mmol) was added portionwise over 15 minutes and 
the mixture was stirred for an additional 45 minutes. Ethyl iodide (33 mL, 41 mmol) 
was added dropwise over 15 minutes and the mixture was allowed to warm to room 
temperature and stirred for 45 minutes. The mixture was filtered and the filtrate 
evaporated to dryness in vacuo. The resulting residue was treated with 
dichloromethane (100 mL) and filtered and the resulting filtrate was evaporated to 
dryness in vacuo to give 2-(ethylthio)aniline (5.2 g). 

N-(4,5-Dihydro- 1 H-imidazol-2-ylmethyl)-2-(ethylthio)aniline was prepared 
from 2-(ethylthio)aniline and CMI, oxidized, and the resulting sulfone isolated using 
the general methods described in Example 1 to provide N-(4,5-dihydro-lH-imidazol- 
2-ylmethyl)-2-(ethylsulfonyl)aniline as the fumarate salt. 

Example 3 

N-(4,5-Dihydro>lH>imidazol-2-ylmethyl)-2-(isopropylsulfonyl)aniline fumarate 

N-(4,5-Dihydro- 1 H-imidazol-2-ylmethy l)-2-(isopropylsulfonyI)aniline was 
prepared and isolated as the fumarate salt using the general methods described in 
Example 1. The 2-(Isopropylthio)aniline used in the synthesis was prepared from 2- 
aminothiophenol and isopropyl iodide using the method described in Example 2. 

Example 4 

N-(4,5-Dihydro-lH-imidazoI-2-ylmethyl)-2>fluoro-6-(methylsulfonyl)aniline 
fumarate 

2,6-Difluoronitrobenzene (1.0 g, 6.3 mmol) was stirred in ethanol (10 mL) and 
treated with sodium methylmercaptan (0.44 g, 6.3 mmol) in several portions over 5 
minutes. After stirring for 2 hours the mixture was evaporated and chromatographed 
on silica gel (70% hexane:30% ethyl acetate) to give 2-methylmercapto-6- 
fluoronitrobenzene (approximately 1.0 g), which was reduced in ethanol (30 mL) 
using 5% palladium on carbon (0.3 g) and hydrogen (50 psi) for 2 hours. The catalyst 
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*vas removed by filtration through celite and the solvent evap^^ed to give 2-fluoro- 
6-(methylthio)benzenamine (0.69 g). 

N-(4,5-Dihydro- 1 H-imidazol-2-ylme^ 
was prepared from 2-fluoro-6-(methylthio)berLzenamine using the two-step procedure 
described in Example 1, and isolated as the fumarate salt. 



Example 5 

N-(4,5-Dihydro-lH-imidazo^ 
fumarate 

2-Amino-6-fluorobenzothiazole (5.0 g, 29.7 mmol) was stirred in ION NaOH 
(120 mL) and heated to 120°C. After 2 hours the mixture was allowed to cool and 
treated with acetic acid (-70 mL) to adjust the pH of the mixture to 4.0. The resulting 
precipitate was collected and washed with 3 volumes (30 mL) of water and dried in 
vacuo to give 5.5 g of 2-amino-5-fluorothiophenol suitable for use in the subsequent 
step. 

Under conditions similar to those used for the preparation of 2- 
(ethylthio)aniline in Example 2, 2-amino-5-fluorothiophenol was alkylated with 
methyl iodide to give 2-methylthio-4-fluoroaniline. 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-4-fluoro-2-(propylmercapto)aniline 
was prepared from 2-methylthio-4-fluoroaniline using the two-step procedure 
described in Example 1, and isolated as the fumarate salt. 

Example 6 

N-(4,5-Dihydro-lH-imidazol-2>ylmethylV2-(propylsulfonyl)aniline hydrochloride 

Sodium hydrogensulfite (50 g, 480 mmol) and sodium bicarbonate (35 g, 416 
mmol) were heated to 80°C in water (200 mL). 2-Nitrobenzenesulfonyl chloride (47 
g, 212 mmol) was added in several portions over 90 minutes and the mixture was 
stirred for two hours at 80°C, then allowed to cool to ambient temperature. The 
resulting solid was collected, washed with ice water and dried in vacuo to give the 
intermediate sulfinic acid (crude yield 28.6 g). The sulfmic acid (9.5 g) was treated 
with sodium bicarbonate (11 g), water (5 mL) and 1 -bromopropane (9.8 mL). The 
mixture was stirred, and an additional 15 mL water was added over 1 hour. The 
mixture was heated to 90°C under nitrogen and stirred for 16 hours. After cooling, 
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the mixture was extracted with toluene Ox 1 00 mr ^ ^ u 

e ,Wr„H , • en eOxI00mL)and the extracts evaporated to 

give crude 1 -nitro-2-(propyIsulfonyl)ben 2 ene fO 6 p~> <jt , 
hexane-PH , 8) ' Sl,1Ca gel cflr omatography (7- 1 

nexane.CH 2 Cl 2 ) gave product (0.34 g). ' 

Reduction of 1 -nitro-2-(pro P ylsuJfo n yl)ben2 ene (0 34 p , 7 n 
hydrogen (50 P si) and 5% Pd on carbon (Q / g > j ^ § ' ^ f ^ 

> 0 (PropyisuifonyDbenzenannine (0.29 g) after fihatio H ^ * 

1 g; aner hltr ation and evaporation. 

meth /; (P 7 y ' SU,f0 "^~- was reacted with CM, using the gmeral 
«** or CM! c„up, in8 to give N-(4, 5 - dihydro . IH , mida20 ,. 2 . y ^ 7' 
(propylsulfonyl)aniline. 1 equivalent of 4N Bn • a- y'™W)-2- 
hydrochioridesal.. " "'"^ WaS ™ d *° f <™ *» 

15 

Example 7 

^^^^^^ ,. 

furoarate . -^metnv isulfonvn ani |, n< > 

^-Meayitao-a-fluorophenyOtnfluonaace^ide (2.36 a crude 9 33 ml 

M ™- d -"^^MeKinric k ,y.He,CW. W „ „ 21 /, " 1 ™ ' 
up in methanol «0 ml.l ..h.j-j . 163) was taken 

added nor,' P ° ,aSS " lm hydr ° Xide (1 57 «■ 28 ° "™°0 was 

added orhonwrse a, room temperature. The mixture was heated ,o reflux After , 5 

oTmL ; m ' X,Ure C0 °' ed '° ^ °»* - -'ven, voW 2 d 

0 5 mi. by evaporation under reduced pressure. The residue was taxen up in 
^■ontzed water (30 mL, and ex.ac.ed with diethy, ether (3x<0 mX, The Lets 

and the voiahles were removed by evaporation under reduced pressure The 

desenbedtnExampie 1 . and isoiated as the fhmarate sah. 
Example 8 
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5-Fluoro-2-inl^ylbenzothiazole was heated with eth^e glycol and ION 
sodium hydroxide solution and the resulting thiol methylated using procedures smnlar 
to those described in Example 5, to give 5-fluoro-2-(methylthio)amlme. 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-5-fluoro-2-(methylsulfonyl)amhne 

was prepared from 5-fluoro-2-(methylthio)aniline using the two-step procedure 
described in Example 1, and isolated as the fumarate salt. 

Example 9 
fumarate 

Starting from 5-methoxy-2-methylbenzothiazole, N-(4,5-dihydro-lH- 
teidazol^-ylmethyD-S-methoxy^-CmethylsulfonyDaniline fumarate was prepared 
and isolated using the procedures described in Example 8. 

Example 10 
fumarate 

Parting from 2,5-dimethylbenzothiazole, N-(4,5-dihydro-lH-nmdazol-2- 
ylmethyl)-5-methyl-2-(methylsulfonyl)aniline fumarate was prepared and elated 
using the procedures described in Example 8. 

E xample 11 

nil y r ^ I± ^^ hvdrochlonde 
salt 

~" N-(4 5-Dihydro-lH-imidazol-2-ylmethyl)-2-(methylthio)aniline (32 mg, 0.144 
mmol prepared as described in Example 1) was stirred in dichloromethane (1 mL) 
and treated with m-chloroperoxybenzoic acid (35 mg of 70 wt %). After 15 mmutes 
the mixture was evaporated and treated with ether (2 mL), 3 drops of methanol, and 
then IN HC1 in ether (0.2 mL). The resulting precipitate was collected and washed 
with ether (1 mL) to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2- 
(methylsulfinyl)aniiine hydrochloride salt (30mg). 

Example 12 
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(■VN-(4,5-dihydro-lH-i m idazol-2-vlmethylV2-(methylsulfinvl)anilincf umaric 
acid salt 

A sample of the enantiomeric mixture of N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-(methylsulfmyl)aniline hydrochloride salt, prepared in Example 1 1, was 
converted to the free base and chromatographed on a Daicel OD column (21.5 x 
250mm) using an eluent mixture of ethanol (8% v/v) in hexane with 
diisopropylethylamine (0.2% v/v) at 8 ml/min flow rate. The earlier eluting 
enantiomer (22.5 min) was converted to its fumaric acid salt and determined to be (-)- 
N-(4,5-dihydro- 1 H-imidazol-2-ylmethyl)-2-(methylsulfinyl)aniline by measurement 
of its optical rotation in methanol. 

Example 13 

(+VN-(4,5-dihvdro-lH-imidazol-2-ylmethyn-2-(methylsulfinvl)aniline f umaric 
acid salt 

The later eluting enantiomer from Example 1 2 (24 min) was converted to its 
fumaric acid salt and determined to be (+)-N-(4,5-dihydro-lH-imidazol-2-ylmethyl)- 
2-(methylsulfinyl)aniline by measurement of its optical rotation in methanol. 

Example 14 

l-(2-t(4,5-Dihvdro-lH-imidazoI-2-ylmethvl)aminol P h enyn-2-(methylsulfonyl)-l- 
ethanone 

Dimethylsulfone (120 g, 1 .28 mol) was stirred in DMSO (350 mL). Sodium 
hydride (48 g of 60 wt% in mineral oil) was added in portions and the mixture heated 
to 60°C. Methyl anthranilate (48.3 g, 0.32 mol) was added dropwise over 3 hours 
while the temperature rose to 100°C The mixture was poured into ice (500 mL) and 
concentrated HC1 (100 mL) and the mixture stored at 4°C overnight. The mixture 
was extracted with dichloromethane (3x400 mL), and the combined extracts were 
washed with saturated bicarbonate (3x30 mL), dried (MgS0 4 ), and reduced to 800 mL 
volume. The solid that formed was removed by filtration. The filtrate was reduced to 
80 mL volume. The resulting solid was collected and washed with a small volume of 
dichloromethane. The solid was recrystallized from chloroform to give l-(2- 
aminophenyl)-2-(methylsulfonyl)ethanone (24 g). 
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* I - {2 - f(4 ' 5 - D ft°-lH- ]mi da 2 oJ-2- y l m eth y l)a mJ noj|l y l}-2- 

(methylsulfonyl)-l-ethanone was prepared from 1 -(2-aminophenyl)-.- 
(methylsulfonyDethanone and CMI using the genera] procedure for CMI coupling. 

Example 15 

N^B„M)-2-|(4, S - _di ja ^^ 

2-Am,„o-N-, OT . butylbemamide (Trans WorW Chemkals) ^ reacied ^ 
CMI ustng the general procedure for CMI coupling , 0 give N-(,e„-butyl)-2-[(4 5 
dihydro-lH-imidazol.2-yImethyl)amino]ben2amide. 

15 Example 16 

hydrochloride " 

2-Amino-N-methylbenzamide was reacted with CMI using conditions 
descnbed in the general procedure for CMI coupling to give 2- [( 4,5-dihydro-lH- 
^idazol-2-ylmethyDaminoJ-N-znethylbenzamide hydrochloride. 

Example 17 

ig ^S-Dihydro-lH jni^^ 

pyrrolidinv l)methanone fumarate ^ 

Pynolidine (2.46 g, 34.6 mmol, was added dropwise ,„ isatoic anhydride (3.76 
g, 23.05 mmo.} ,„ tetrahydrofuran (25 mL) a, room temperature. The solution was 
snrxed a, room temperature for , .5 hours under a nitrogen atmosphere. The vo,a,iIes 
were removed hy evaporation under reduced pressure. The residue was slunied in 
toluene (50 mL) and the volatiles were removed by evaporation under reduced 
pressure (2x, The residue was disso,ved in ho, toluene, men allowed to cool to room 
temperature. The solution was placed in a freezer for 16 hours to produce a 
precpttate. The precipitate was filtered and dried to give 3.05 g of crude . -(2- 
ammobenzoyO-pyrxofidine. The crude materia, (2.65 g) was purified by column 
chromatography over silica gel using 5-20% ethyl acetate in hexanes. The best 
fiacnons were combined and the volatiles were removed by evaporation under 
rcducet 1 pressure. The residue was taken up in dichloromethane (50 mL, and washed 
wth 0.5N sodtum hydroxide so.ution ,2x25 mL), washed with saturated sodium 
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2-Amino-N J^ylbenzamide (prepared from propylene and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amino]-N-propylbenzamide, isolated as the 

hydrochloride salt. 
Example 22 

N-AHvl-2-K4,5-dihvdro-lH-imidazol-2-ylmet hvnaminolbenzamide 
hydrochloride 

N-Allyl-2-amino benzamide (prepared from allylamine and isatoic anhydride, 
using the methods described in Example 17) and CMI were reacted using conditions 
described in the general procedure for CMI coupling to give N-allyl-2-[(4,5-dihydro- 
lH-imidazol-2-ylmethyl)amino]benzamide, isolated as the hydrochloride salt. 

Example 23 

{2-f(4,5-Dihvdro-lH-imidazol-2-ylme thYnaminolphenyl}(l- 

piperidinyDmethanone 

1- (2-Aminobenzoyl)piperidine (prepared from piperidine and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give {2-[(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amino]phenyl}(l-piperidinyl)methanone. 

Example 24 

2-R4.5-Dihvdro-1H-imid a zol-2- y »methvnaminol-N-f1-eth V lpropyl)benzamide 

2- Amino-N-(l-ethylpropyl)benzamide (prepared from 1-ethylpropylamine and 
isatoic anhydride, using the methods described in Example 17) and CMI were reacted 
using conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amino]-N-(l-ethylpropyl)benzamide. 

Example 25 

2-ir4 < 5-Dihydro-lH-imidazol-2-vlmethyl)am inol-N-(2-methoxvethyl)-N- 

methylbenzamide 

2-Amino-N-(2-methoxyethyl)-N-methylbenzamide (prepared from N-(2- 

methoxyethyl)methylamine and isatoic anhydride, using the methods described in 
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10 



15 



Example 17) and CMI were reacted using conditions described in the general 
procedure for CMI coupling to give 2-[(4,5-dihydro-lH-i m idazol-2-ylmethyl)amino]- 
N-(2-methoxyethyl)-N-methylbenzamide. 

Example 26 

2-[(4,5-Dihvdro-lH-imidazol-2-vl m ethv l)aminol-N-i S opropvlbenzamide 

2-Amino-N-isopropylbenzamide (prepared from isopropylamine and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro- 1 H-imidazol-2-ylmethyl)amino]-N-i S opropylbenzamide. 

Example 27 

2^(4,5-Dihydro-lH-i m ida7.ol-2-yl m ethvn am ino | - N-(2-hvdroxvnrnp vnh.n^ m ,^ 
hydrochloride 

2-Amino-N-(2-hydroxypropyl)benzamide (prepared from l-amino-2-propanol 
and isatoic anhydride, using the methods described in Example 17) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 

2-[(4,5-dihydro-lH-imida Z ol-2-ylmethyl)amino]-N-(2-hydroxypropyl)benzamide, 
isolated as the hydrochloride salt. 

25 Example 28 

N-Cylopropvl-2-[(4 > 5-d,hvdro-lH-i m id a zol-2- yl m ethvn am inol h.n, Qm ,^ 
hydrochloride 

2-Amino-N-cyclopropylbenzamide (prepared from cyclopropylamine and 
isatoic anhydride, using the methods described in Example 17) and CMI were reacted 
using conditions described in the general procedure for CMI coupling to give N- 

cyclopropyl-2- [( 4,5-dihydro-lH-imidazol-2-ylmethyl)amino]benzamide, isolated as 
the hydrochloride salt. 
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Example 29 

2-[(4,5-Dihydro-lH-imidazol-2-yl m ethvnamino l-N,N-di m ethvlhPn 7am ,H. 

2-Amino-N,N-dimethylbenzamide (prepared from dimethylamine [2M in 
tetrahydrofuran] and isatoic anhydride, using the methods described in Example 17) 
and CMI were reacted using conditions described in the general procedure for CMI 
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dihydro- 1 H-imidazol-2-y lmethy l)ammo] 



coupling to give 2-[(4^dihydro-lH-imidazol-2-ylmethyl)animo]-N,N- 
dimethylbenzamide. 



Example 30 

{2-f(4,5>Dihydro-lH-imidazol-2-yImethyl)amino1ph€nyl}(4- 
morpholinyI)methanone 

l-(2-Aminobenzoyl)morpholine (prepared from morpholine and isatoic 
anhydride, using the methods described in Example 1 7) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give {2-[(4,5- 
dihydro- 1 H-imidazol-2-y Imethy l)amino]pheny 1 } (4-morpholiny l)methanone. 



Example 31 

2-f(4,5-Dihydro-lH-imidazol-2-ylmethyl)amino1>N-peDtylbenzamide 

2-Amino-N-pentylbenzamide (prepared from amylamine and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro- 1 H-imidazol-2-ylmethyl)amino]-N-pentylbenzamide. 



Example 32 

2-f(4 y 5-Dihydro-lH-imidazol-2>ylmethyl)amino]-N-ethylbenzamide 

2-Amino-N-ethylbenzamide (prepared from ethylamine [2M in 
tetrahydrofuran] and isatoic anhydride, using the methods described in Example 1 7) 
and CMI were reacted using conditions described in the general procedure for CMI 
coupling to give 2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethylbenzamide. 



Example 33 

2-[(4,5-Dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethyl-N-propylbenzamide 

2-Amino-N-ethyl-N-propylbenzamide (prepared from N-ethylpropylamine 
and isatoic anhydride, using the methods described in Example 17) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 
2-[(4,5-Dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethyl-N-propylbenzamide. 



Example 34 

2.[(4,5-Dihydro-lH-imidazoN2-ylmethyl)aminol>N,N-diethylbenzamide fumarate 
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2-Amino-N,N-diethylbenzamide (prepared from diethylamine and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amino]-N,N-diethylbenzamide, isolated as the 

fumarate salt. 



Example 35 

N-(CYclopropvImethyl)-2-[(4,5-dihydro-lH-imidazol-2 -vlmethvl)aminol-N- 

propylbenzamide 

2-Amino-N-(cyclopropylmethyl)-N-propylbenzamide (prepared from N- 

propylcyclopropanemethylamine and isatoic anhydride, using the methods descr 
in Example 17) and CMI were reacted using conditions described in the general 
procedure for CMI coupling to give N-(cyclopropylmethyl)-2-[(4,5-dihydro-lH 
imidazol-2-ylmethyl)amino]-N-propylbenzamide. 



Example 36 

2-K4,5-Dihydro-lH-imidazol-2-yImethvnamino1-N-ethyl-N-methylbenzamid e 

2-Amino-N-ethyl-N-methylbenzamide (prepared from N-ethylmethylamine 
and isatoic anhydride, using the methods described in Example 17) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethyl-N-methylbenzamide. 

Example 37 

N-^gc-Butyn-2-K4,5-dihvdro-lH-imidazol-2-ylmethyl)aminolbenzamide 

2-Amino-N-sec-butylbeiizarnide (prepared from seobutylamine and isatoic 
anhydride, using the methods described in Example 17) and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give N-(sec- 
butyl)-2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]benzamide. 



Example 38 

N-Butyl-2-K4,5-dihydro-lH-imidazol-2-ylmethynaminol-5-f luorobenzamide 
hydrochloride 
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5" 2-Amino-5-fluoroben 2 oic acid (1.91 g, 12.3 mmol) wftssolved in IN 

sodium hydroxide solution (15 mL ) and cooled to 0°C under a nitrogen atmosphere 
Phosgene (10 mL of a 20% solution in toluene) was added dropwise. After the 
addition was complete, the thick slurry was allowed to warm to room temperature 
The precipitate was filtered off and rinsed with deionized water (2x50 mL) The 
10 preapjtate was slurried in diethyl ether (50 mL), filtered, and dried under reduced 
pressure to yield 2.04 g of d-fluoro^H-S.l-benzoxazine^^l^-dione. 

2-Amino-N- butyl-5-fluorobenzamide (prepared from butylamine and 6- 
fluoro-2H-3,l-benzoxazine-2,4(l H )-dione using the methods described in Example 
17) and CMI were reacted using conditions described in the general procedure for 
.5 CMI coupling to give N-butyl-^^S-dihydro-lH-imidazol^ylmethyDamino]^- 
fluorobenzamide, isolated as the hydrochloride salt. 

Example 39 

N-Cyclopropvl-^^-dihydro-lH - im idazol^-vlmethvn,^^ 
20 fluorobenzamide 

J-Amino-N-cyclopropyl-S-fluorobcnzamide (prepared from eyclopropylamine 
and Muoro^H-SJ-benzoxazine-^dHHione using ,he methods described in 
Example 17) and CMI were reacted using conditions described in the general 
procedure for CMI coupling to give N-cyclopropyl-^.S-dihydro-IH-imidazol-?- 
ylmethyl)amino]-5-fluorobenzamide. 



Example 40 

m ethyl benzamide 

S-Methyl^H-SJ-benzoxazine^^d^-dione was prepared from 2-amino-6- 
methylbenzoic acid using the method described in Example 38. 

2-Amino-N-cyclopropyl-6-methylbenzamide (prepared from 
eyclopropylamine and 5-methyl-2H-3,l-benzoxazine-2,4(lH)-dione using the 
methods described in Example 1 7) and CMI were reacted using conditions described 
m the general procedure for CMI coupling to give N-cycIopropy,-2- [( 4,5-dihydro- 
1 H-imidazol-2-ylmethyl)amino]-6-methylbenzamide. 
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# 

Example 41 

■ ^ ■"cuiy^amino -6-flnnrnphf.nyivi 

Eyzohdinjj^metha^^ li — 

5-Fluoro-2H-3,l-benzoxazine-2 4(im 

H« - . 0r02H - 3 - , - benzoxm n=-2.t(IH).dio„e using the methods 
a set, ed „ Example , 7) and CM, were reacted using conditions desert the 

h r for cmi coMin8 ,o *• ^-^o-m-imidTr 

Example 42 

fiyrrolidinvDmcth an^ ^ 

7-Chloro-2H-3,l-benzoxazine-2 4(im rfinn. 

described in Exampie , 7) and CMI " 2 ° XaZme - 2 ' 4(IH > d — — « methods 
Example 43 

^olidinyijinethannn^ -JUL^nj^ii- 

7-Methyl-2H-3,l-benzoxazinp 0 Anu\ a- 

—net::^^ 

described in E^^Sr"^ 1 '™" "*« «« «** 

example 1 7) and CMI were reacted using conditions described in the 
general procedure for CMI coupling to give (2-1,4 5 dihvH , u • 
vl m «i,. t\ ■ > K 4 .5-dthydro-lH-rm dazol-2- 

ylme t h yl) ammoJ-4-me,h y ,phe„ y „(,. pvlTO , idinyl)melhanone 

Example 44 
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hydrochloride 

Isatoic anhydride (5.0 g, 30.6 mmol), 35 mL of absolute ethanol and 

anhydrous 1,1-dimethylhydrazine (2.56 mL, 33.6 mmol) were refluxed for 2 hours. 

The volatiles were removed in vacuo. The residue was purified by silica gel flash 

,0 chromatography using 5-10* methanol in dichloromethane. Concentration in vacuo 

produced 1.60 g of 2-aminobenzoic acid N'.N'-dimethylhydrazide. 

2-Aminobenzoic acid N',N'-dimethylhydrazide and CMI were reacted using 

conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro.lH-imidazol-2-ylmethyl)amino]-N',N'-dimethylbenzohydrazide, isolated as 

15 the hydrochloride salt. 
Example 45 

Anthranihc acid N'-acetylhydrazide (prepared from acetic hydrazide and 
20 isatoic anhydride using the method described in Example 44) and CMI were reacted 
using conditions described in the general procedure for CMI coupling to grve N - 
acetyl-2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]benzohydrazide. 

Example 46 
2 5 N'-{2-[(4,5-dihvdro-lH-i midazol-2- 

Tlmrthy , >qT „ ; nn|h P n7ovl}meth a ne S ulfonohydrazide 

l-Anthraniloyl-2-(methylsulfonyl) hydrazine (prepared from methanesulfonyl 
hydrazide [Lancaster Synthesis, Windham, New Hampshire] and isatoic anhydnde 
using the method described in Example 44) and CMI were reacted using conditions 
30 described in the general procedure for CMI coupling to give N'-(2-[(4,5-dihydro-lH- 
imidazol-2-ylmethyl)amino]benzoyl}methanesulfonohydrazide. 

Example 47 

2- [r4.5-Dihydrn-lH-imidazol- 2-vlmethvl)aminol-N'-(2,2,2_ : 

35 trifluoroetbvnhenzohydrazide 

2-Amino-N'-(2,2,2-trifluoroethyl)benzohydrazide (prepared from 2,2,2- 

trifluoroethylhydrazine and isatoic anhydride using the method described in Example 
44) and CMI were reacted using conditions described in the general procedure for 
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CMI coupling to give 2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N'-(2,2,2- 
trifluoroethyl)benzohydrazide. 



Example 48 

2-[(4,5-Dihydro-lH-imidazol-2>y]methyI)aminol-N , -niorphoIinobenzamide 

10 2-Amino-N-morpholinobenzamide (prepared from 4-aminomorpholine and 

isatoic anhydride using the method described in Example 44) and CMI were reacted 
using conditions described in the general procedure for CMI coupling to give 2-[(4,5- 
dihydro- 1 H-imidazol-2-ylmethyl)amino]-N*-(morpholino)benzamide. 



15 Example 49 

N t -(/gr/-Butyl)-2-f(4,5~dihydro-lH-imidazol-2-ylmethyl)amino1benzohydrazide 

2-Amino-N , -(/er/-butyl)benzohydrazide (prepared from ter/-butylhydrazine 
and isatoic anhydride using the method described in Example 44) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 
20 N'-(/er/-butyl)-2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]benzohydrazide. 



Example 50 

2-[(4,5-DihydrO"lH-imidazol-2-yImethyl)amino]-N-methylbenzenesulfonamide 
fumarate 

25 To a solution of 2-nitrobenzenesulfonyl chloride (25 g, 0.1 13 mol) and 

dichloromethane (450 mL) at 4°C was added dropwise 2M methylamine in 
tetrahydrofuran (68 mL). The mixture was stirred overnight allowing the ice bath to 
melt. More 2M methylamine in tetrahydrofuran (97 mL) was added and the reaction 
was stirred for 1 hour. The reaction mixture was concentrated in vacuo. The residue 

30 was dissolved in chloroform (500 mL) and was washed with saturated sodium 

bicarbonate (250 mL). The aqueous layer was extracted with chloroform (250 mL) 
and all the chloroform layers combined, dried over sodium sulfate and filtered. The 
filtrate was concentrated in vacuo and the residue purified by silica gel 
chromatography using 0-4% methanol in dichloromethane. 22.63 g of N-methyI-2- 

35 nitrobenzenesulfonamide was obtained. 

N-Methyl-2-nitrobenzenesulfonamide (1.0 g, 4.6 mmol), 10% palladium on 
carbon (200 mg) and absolute ethanol (30 mL) were placed in a Parr bottle, the bottle 
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is under a hydrogen atmosphere (45^T), and shaken for 1 
hour. The Parr bottle was evacuated and flushed with nitrogen, then the mixture was 
filtered through a disposable syringe filter. The filtrate was concentrated in vacuo to 
yield 0.81 g of 2-amino-N-methylbenzenesulfonamide. 

2-Amino-N-methylbenzenesulfonamide was treated with CMI using the 
0 general methods described in Example 1 to provide 2-[(4,5-dihydro-lH-imidazol-2- 
ylmethyl)amino]-N-methylbenzenesulfonamide as the fumarate salt. 



Example 51 

2-f(4,5-D ihydro-lH-imidazol-2-ylmethyl)aminol-N-ethylben2enesulfonamide 
fumarate 

2-Amino-N-ethylbenzenesulfonamide (prepared from 2-nitrobenzenesulfonyl 
chloride and ethylamine using the methods described in Example 50) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 

2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethylbenzenesulfonamide, 
isolated as the fumarate salt. 

Example 52 

Cyclopentyl{2-f(4,5-di hydro-lH-imidazol-2-ylmethyl)amino|phenyI}methanone 
hydrochloride 

Anthranilonitrile (2.6 g, 22 mmol) in diethyl ether (30 mL) was added 
dropwise to cyclopentylmagnesium chloride (33 mL of a 2M solution in diethyl ether) 
in diethyl ether (95 mL) at room temperature, under a nitrogen atmosphere. The 
mixture was heated to reflux, and maintained for 1 hour. The mixture was cooled to 
0°C, and deionized water (10 mL) was added dropwise over 30 minutes (caution: 
extremely exothermic). After stirring for 15 minutes, 15% aqueous sulfuric acid (75 
mL) was added slowly. After stirring for 1 5 minutes, the mixture was heated to 
reflux and maintained for 1 hour. The mixture was cooled and portioned. The 
aqueous portion was washed with ethyl acetate (2x50 mL). The organic extracts were 
combined, washed with dilute potassium carbonate solution, washed with saturated 
sodium chloride solution, dried over sodium sulfate, and the volatiles removed by 
evaporation under reduced pressure to yield 3.77 g of (2- 
aminophenyl)(cylclopentyl)methanone. 
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(2-Aminophenyl)(cylclopentyl)methanone and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give 

isolated as the hydrochloride salt. 



15 



20 



25 



30 



35 



10 Example 53 

l-(2-Aminophenyl)-l-pentanone (prepared from anthranilonitrile and 
butylmagnesium chloride using the method described in Example 52) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 
l-{2-[(4,5-dihydro-lH-imida 2 ol-2-ylmethyl)amino] P henyl}-l-pentanone. 
Example 54 

l-(2-Aminophenyl)-l-butanone (prepared from anthranilonitrile and 
propylmagnesium chloride using the method described in Example 52) and CMI were 
reacted using conditions described in the general procedure for CMI coupling to give 
l-f^^^-dihydro-lH-imidazol^-ylmethyDaminoJphenyD-l-butanone. 

Example 55 

l-(2-Aminophenyl)-2-ethyl-l-butanone (prepared from anthranilonitrile and 1- 
ethylpropylmagnesium bromide [prepared from 3-bromopentane and magnesium 
turnings] using the method described in Example 52) and CMI were reacted usin* 
conditions described in the general procedure for CMI coupling to give l-{2-[ ( 4 5- 
dihydro-lH-imida2ol-2-ylmethyl)amino]phenyl}-2-ethyl-l-butanone. 

Example 56 
hydrochloride 

l-(2-AminophenyI)-4-penten-l-one (prepared from anthranilonitrile and 3- 
butenylmagnesium bromide using the method described in Example 52) and CMI 
were reacted using conditions described in the general procedure for CMI coupling to 
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/(^^H-imida2ol-2-ylmethyl)amino]phe 



5 give 1 - {2-[(4,5-dihydffl H-imidazol-2-ylmethyl)amino]pheiW-4-penten- 1 -one, 
isolated as the hydrochloride salt. 

Example 57 

l-{2- [f4.5-Dihvdro-lH-imidazol-2-vlmethvl)amin o|phenvU-l-ethanone 

10 hydrochloride 

2'-Aminoacetophenone and CMI were reacted in ethanol using conditions 
described in the general procedure for CMI coupling to give l-{2-[(4,5-dihydro-lH- 
imidazol-2-ylmethyl)amino]phenyl}-l-ethanone as the hydrochloride salt. 

15 Example 58 

l- {2-[(4.5-Dihydro-lH-imidazol-2-vlmethyl)am inolphenyl}-l-propanone 
hydrochloride 

l-(2-Aminophenyl)-l-propanone (prepared from anthranilonitrile and 
ethylmagnesium bromide using the method described in Example 52) and CMI were 
20 reacted using conditions described in the general procedure for CMI coupling to give 
1 .{2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]phenyl}-l-propanoneasthe 

hydrochloride salt. 
Example 59 

25 (E)-l-{2-[(4,5-Dihydro-lH-imida Z ol-2-yImethyl)amin olphenyl)-l-ethanone O- 
methyloxime 

To a 250-mL round bottom flask were added 2'-aminoacetophenone (3.0 g, 

22.2 mmol), methoxylamine hydrochloride (2.0 g, 24.4 mmol, 1.1 eq) and ethanol (30 

mL). The reaction mixture was heated at reflux with stirring under a nitrogen 

30 atmosphere for 3 h. The oil bath was removed and the reaction mixture was allowed 

to cool at room temperature. The reaction mixture was filtered and the filtered solid 

was washed with ethanol followed by diethyl ether to give 0.64 g of l-(2- 

aminophenyl)-l-ethanone O-methyloxime hydrochloride as a white solid. 

l-(2-Aminophenyl)-l-ethanone O-methyloxime and CMI were reacted using 

35 conditions described in the general procedure for CMI coupling to give (E)-l-{2- 
[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]phenyl}-l-ethanone-0-methyloxime. 

Example 60 
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(E)-l-{2-ff4,5-Dihvdro-lH-i m idazol-2-v] m ethvl)amino]p h enyl)-l-ethano J1 eO- 
ethyloxime 

l-(2-Aminophenyl)-l-ethanone O-ethyloxime (prepared from 2'- 
aminoacetophenone and O-ethylhydroxylamine hydrochloride using the method 
described in Example 59) and CMI were reacted using conditions described in the 
0 general procedure for CMI coupling to give (E)-l-{2-[(4,5-dihydro-lH-imidazol-2- 
ylmethyl)amino]phenyl}-l-ethanone O-ethyloxime. 

Example 61 

(E)-2-f(4,5-Dihydro-lH-imi d azol-2-vlniethvI)a m inolbenzaldehvri < . O. 
methyloxime 

To a 250-mL round bottom flask were added 2-nitrobenzaldehyde (5.0 g, 33.1 
mmol), methoxylamine hydrochloride (3.0 g, 35.9 mmol, 1.09 eq), and ethanol (50 
mL). The reaction mixture was heated at reflux with stirring under a nitrogen 
atmosphere for 3 h and then allowed to stand at room temperature overnight. The 
reaction mixture was concentrated in vacuo to give a yellow solid. The crude product 
was partitioned between dichloromethane and water. The layers were separated and 
the organic phase was washed with water followed by saturated sodium chloride. The 
organic phase was dried over magnesium sulfate, filtered and the filtrate was 
concentrated in vacuo to give 5.46 g of (E)-0-methyloxime-2-nitrobenzaldehyde. 

To a 300-mL round bottom flask were added (E)-0-methyloxime-2- 
nitrobenzaldehyde (2.0 g, 1 1.1 mmol) and 1,4-dioxane (25 mL). The stirred mixture 
was heated at 80°C. A solution of sodium sulfide nonahydrate (6.0 g, 25 mmol, 2.25 
eq) in water (25 mL) was heated at 80°C and then added to the hot solution of (E)-O- 
methyloxime-2-nitrobenzaldehyde. The reaction mixture was heated between 65°C 
and 90°C for 45 min. The oil bath was removed and the reaction mixture was allowed 
to cool at room temperature. To the reaction mixture was added water (25 mL) and 
heating was resumed at 95°C for 2 h. A solution of sodium sulfide nonahydrate (6.0 
g, 25 mmol, 2.25 eq) in water (1 5 mL) was heated at 70°C and then added to the 
reaction mixture which was at 80°C. The reaction mixture was heated at 85°C for 1 5 
min. The oil bath was removed and the reaction mixture was allowed to cool at room 
temperature. The reaction mixture was extracted with dichloromethane and the layers 
were separated. The organic phase was washed with saturated sodium chloride, dried 
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over magnesium sulfateTfiltered, and the filtrate was concentred in vacuo to give 
1 .3 1 g of the crude product. The crude product was purified by column 
chromatography over silica gel with hexanes:ethyl acetate (3:1) as eluent to give 0.73 
g of (E)-0-methyloxime-2-aminobenzaldehyde as a yellow liquid. 

(E)-0-Methyloxime-2-aminobenzaldehyde and CMI were reacted using 
conditions described in the general procedure for CMI coupling to give (E)-2-[(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amino]benzaldehyde O-methyloxime. 



Example 62 

(E)-l-{2-f(4,5-Dihydro-lH-imidazol-2-vlmethyl)aminolphenyll-l-propanone O- 

methyloxime hydrochloride 

To a 100-mL round bottom flask were added l-(2-aminophenyl)-l-propanone 
(1.1 1 g, 7.44 mmol, prepared in Example 58), methoxylamine hydrochloride (0.7 g, 
8.38 mmol, 1.13 eq) , and ethanol (15 mL). The reaction mixture was heated at reflux 
with stirring under a nitrogen atmosphere for 3 h. The oil bath was removed and the 
reaction mixture was allowed to stand at room temperature for approximately three 
weeks. The reaction mixture was concentrated in vacuo and the crude product was 
partitioned between dichloromethane and saturated sodium bicarbonate. The layers 
were separated and the organic phase was dried over magnesium sulfate, filtered, and 
the filtrate was concentrated in vacuo to give 1 .24 g of an orange oil. The crude 
product was purified by column chromatography over silica gel with hexanes:ethyl 
acetate (8:1) as eluent to give 0.90 g of (E)-l-(2-aminophenyl)-l-propanone O- 
methyloxime and 0.31 g of (Z)-l-(2-aminophenyl)-l-propanone O-methyloxime. 

(E)-l-(2-Aminophenyl)-l-propanone O-methyloxime and CMI were reacted 
using conditions described in the general procedure for CMI coupling to give (E)-l- 
{2-[(4,5-dihydro- 1 H-imidazol-2-ylmethyl)amino]phenyl } - 1 -propanone O- 
methyloxime as the hydrochloride salt. 



Example 63 

(Z)-l-{2-K4,5-Dihydro-lH-imidazoI-2-ylmethyl)aminolphen vll-l-propanone O- 

methyloxime hydrochloride 

(Z)-l-(2-Aminophenyl)-l -propanone O-methyloxime (prepared in Example 
62) and CMI were reacted using conditions described in the general procedure for 
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CMI coupling to give (Z)-l-{2-[(4,5-dihydro-lH-imidazol-2- 
ylmethyl)amino]phenyl}-l-propanone O-methyloxime as the hydrochloride salt. 

Example 64 

N-(4,5-dihydro-lH-i m id azoI-2-vl m ethvl)-2-a-pyrrolidinyl)aniline 

2-Fluoronitrobenzene (2.82 g, 20 mmol) was mixed with pyrrolidine (1.56 g, 
22 mmol), and potassium carbonate (5.5 g, 40 mmol) in DMF (10 mL). After heating 
for 16 hours, the mixture was filtered and the filtrate evaporated in vacuo to an oil. 
This oil was treated with water (10 mL) and dichloromethane (100 mL). The organic 
phase was collected, dried (MgS0 4 ), filtered, and evaporated to give 1 -(2- 
nitrophenyl)pyrrolidine (0.5 g). The crude product was reduced using 5% palladium 
on carbon (0. 1 g) in ethanol (30mL) and hydrogen at 40 psi for 2 hours. The solution 
was filtered through celite to remove catalyst and the filtrate evaporated in vacuo to 
give 2-(l-pyrrolidino)aniline (0.33 g). The crude product was coupled with CMI, 
under conditions described in the general procedure for CMI couplings, to give N- 
(4,5-dihydro- 1 H-imidazol-2-ylmethyl)-2-( 1 -pyrrolidinyl)aniline. 

Example 65 

N-l-(5ec-Butyl)-N-2-(4.5-dihydro-lH-imidazole-2-vlmethyl) -1,2- 
benzenediamine 

Under conditions similar to those used for the preparation of N-(4,5-dihydro- 
lH-imidazol-2-ylmethyl)-2-(l-pyrrolidinyl)aniline (Example 64), sec-butylamine was 
reacted with 2-fluoronitrobenzene, the nitro group was reduced, and the aniline was 
coupled with CMI to give N-l-(sec-butyl)-N-2-(4,5-dihydro-lH-imidazole-2- 
ylmethyl)-! ,2-benzenediamine. 



Example 66 

N-l-(4,5-dihvdro -lH-i m idazol-2-ylmethvl)-N-2-isobutvl-L2-benzenediamine 

Under conditions similar to those used for the preparation of N-(4,5-dihydro- 

lH-imidazol-2-yImethyl)-2-(l-pyrrolidinyl)aniline (Example 64), iso-butylamine was 

reacted with 2-fluoronitrobenzene, the nitro group was reduced, and the aniline was 

coupled with CMI to give N-l-(4,5-dihydro-lH-imidazol-2-ylmethyl)-N-2-isobutyl- 
1 ,2-benzenediamine. 



36 



PU3650 



10 




Example 67 

2-(l-AzepinyI)-N-(4,5-dihydro-lH-imidazol-2-vlmethvl)aniline 

Under conditions similar to those used for the preparation of N-(4,5-dihydro- 
lH-imidazol-2-ylmethyl)-2-(l-pyrTolidinyl)aniline (Example 64), 
hexamethyleneimine was reacted with 2-fluoronitrobenzene, the nitro group was 
reduced and the aniline was coupled with CMI to give 2-(l-azepinyl)-N-(4,5-dihydro- 
lH-imidazol-2-ylmethyl)aniline . 



Example 68 

N-(4.5-Dihydro-lH-imidazol-2-ylmethyl)-2-(l-piperidinyI)aniline 

1 5 Under conditions similar to those used for the preparation of N-(4,5-dihydro- 

lH-imidazol-2-ylmethyl)-2-(l-pyrrolidinyl)aniline (Example 64), piperidine was 
reacted with 2-fluoronitrobenzene, the nitro group was reduced, and the aniline was 
coupled with CMI to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(l-piperidinyl) 

anilne. 

20 

Example 69 

N-l-(4^-Dihydro-lH-imidazol-2-ylmethyl)-N-2-cthyl-N-2-propyl-l^- 
benzenediamine 

Under conditions similar to those used for the preparation of N-(4,5-dihydro- 
25 lH-imidazol-2-ylmethyl)-2-(l-pyrrolidinyl)aniline (Example 64), N-ethyl-N- 

propylamine was reacted with 2-fluoronitrobenzene, the nitro group was reduced and 
the aniline was coupled with CMI to give N-l-(4,5-dihydro-lH-imidazol-2-ylmethyl)- 
N-2-ethyl-N-2-propy 1- 1 ,2-benzenediamine. 

30 Example 70 

N-(4,5-Dihvdro-lH-imidazol-2-ylmethyl)-2'-methylH,l '-biphenyll-2-amine 
fumarate 

2-Methyl-2'-nitrobiphenyl (2.09 g, 9.8 mmol, prepared as described by 
Snieckus: Synthesis, 1989, 184-188) was reduced as in Example 64, and purified by 
35 column chromatography to give 1 .64 g of 2-amino-2'-methylbiphenyl. 

2-Amino-2'-methylbiphenyl (1.01 g, 5.52 mmol) and CMI (0.428 g, 2.76 mmol) were 
coupled using the general procedures outlined in Example 1 to give N-(4,5-dihydro- 
lH-imidazol-2-ylmethyl)-2'-methyl[l,l'-biphenyl]-2-amine as a fumarate salt. 
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Example 71 

N-f4,5-Dihydro-lH-imidazol-2-vIniethyl)-2'-methoxyU,l'-biphenvll- 2-amine 
fumarate 

2- Methoxy-2'-nitrobiphenyl was prepared, the nitro group reduced to the 
amine, and the resulting 2-amino-2 , -methoxybiphenyl reacted with CMI using the 
procedures described in Example 70 to produce 0.470 g of N-(4,5-dihydro-lH- 
imidazol^-ylmethyD^'-methoxytUr-biphenylJ^-amine as the fumarate salt. 

Example 72 

N-^^-Dihydro-lH-imidazol^-vlmethvD-S'- methvlH^'-biphenyll^-amine 
fumarate 

3- Methyl-2'-nitrobiphenyl was prepared, the nitro group reduced to the amine, 
and the resulting 2-amino-3'-methylbiphenyl reacted with CMI using the procedures 
described in Example 70 to produce 0.120 g of N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-3'-methyl[l,l'-biphenyl]-2-amine as the fumarate salt. 

Example 73 

N-a'-Chloro[l.l'-biphenyll-2-vn-N-(4,5-dihy dro-lH-imidazol-2-yltneth y l)amine 
fumarate 

2-Chloro-2'-nitrobiphenyl was prepared, the nitro group reduced to the amine, 
and the resulting 2-amino-2'-chlorobiphenyl reacted with CMI using the procedures 
described in Example 70 to produce 0.1 10 g N-(2 1 -chloro[l,l-biphenyl]-2-yl)-N-(4,5- 
dihydro-lH-imidazol-2-ylmethyl)amine as the fumarate salt. 

Example 74 

N-(4,5-Dihydro-lH-imidazol-2-vlmethyl)-2-a-thienyl)aniline hydro chloride 

2-Nitroiodobenzene (1.0 g, 4.0 mmol) was dissolved in DMF (25 mL), treated 
with bis(triphenylphosphine)palladium(II) chloride (0.1 g) and 2- 
tributylstannylthiophene (1.65 g, 4.4 mmol) and heated at 100°C under nitrogen 
overnight. After concentration in vacuo, the residue was taken up in ether, washed 
with deionized water and saturated sodium chloride solution, dried over magnesium 
sulfate and evaporated. The oil was purified by silica gel chromatography using ethyl 
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acetate and hexanes 



^feentration in vacuo produced 500 mH2-(2- 
nitrophenyl)thiophene, which was reduced as in Example 64 to g,ve 336 mg of 2.(2- 
aminophenyl)thiophene. 

2-(2-Aminophenyl)thiophene (0.330 g, 1 .9 mmol) and CMI (0 ?00 * , 3 
mmol) were coupled under conditions described in the general method for CMI 

couplings to give 210 mg of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(2- 
thienyl)aniline hydrochloride. 



Example 75 

N^S-Dihydro-lH- imh^^ 

5 (2-Trimethylstannyl-phenyl).carbamic acid /m-butyl ester (Bioorgamc & 

Medicinal Chemistry, 1998, 6, 81 1-823) (1.4 g, 3.93 mmol), 2-chloropyrazine (0 5 g 
4.33 mmol, 1.1 eq), tetrakis(triphenyl P hos P hine)palladium(0) (0.18 g, 0 156 mmol) ' 
and copper (I) bromide (0.022 g, 0.156 mmol), in 1,4-dioxane (10 mL) were heatedat 
1 1 0°C for 75 mm. The reaction mixture was allowed to cool at room temperature 
The crude product was adsorbed onto silica gel and purified by column 
chromatography to give 0.65 g of , e ,,-butyl 2- ( 2-pyrazinyl)phenylcarbamate 

To /er,-butyl 2-(2-pyra Z inyl)phenylcarbamate (0.62 g, 2.29 mmol) 
d 1C hloromethane (10 mL), and anisole (, mL) was added trifluoroacetic acid (10 mL) 
The reaction mixture was stirred at room temperature under a nitrogen atmosphere for 
4 h and allowed to stand at room temperature overnight. The reaction mixture was 
concentrated in vacuo to give 0.41 g of 2-(2-pyrazinyl)aniline, which was coupled 
with CMI (0.20 g, 1.3 mmol), under conditions described in the general procedure for 

CMI couplings, to give 0.022 g of N-(4,5-dihydro-lH-imida 20 l-2-ylmethyl)-2-(2- 
pyrazinyl)aniline. 

Example 76 

fumarate ~~ 

2-Lithio-l-methylpy m ,le was prepared as described in Te.rahedron Lea. 
1981, 22, 53,9 and .rea.ed with .rimethyhm chloride ,o give, after workup, l- m « M . 
2-(tnmethylstannyl)- 1 H-pyrrole. 
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l-Methyl-2-(trimethylstannyl)-lH-pyrrole (3.94 g, 14.7 mmol) and 1-bromo- 
2-nitrobenzene (3.22 g, 15.9 mmol, 1.08 eq) were coupled as in Example 75 to give 
2.04 g of l-methyl-2-(2-nitrophenyl)-lH-pyrrole, which was reduced as in Example 
64 to give 1.53 g of 2-(l -methyl- lH-pyrrol-2-yl)aniline. 

CMI (0.25 g, 1.61 mmol) and 2-(l -methyl- lH-pyrrol-2-yl)aniline (0.56 g, 3.25 
mmol, 2.0 eq) were reacted under conditions described in the general procedure for 
CMI couplings to give 0.035 g of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(l- 
methyl- 1 H-pyrrol-2-yl)aniline fumarate. 

Example 77 

N-(4,5-Dihydro-lH>iinidazol-2>yImethyl)-2-(l-ethyl-lH-pyrrol-2-yI)aniline 
fumarate 

Under conditions analogous to Example 76, 2-(l -ethyl- lH-pyrrol-2-yl)aniline 
was prepared and coupled with CMI to give N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-(l -ethyl- lH-pyrrol-2-yl)aniline as the fumarate salt. 

Example 78 

N-(4,5-Dihydro-lH-imidazoN 
fumarate 

l-Methyl-2-pyrrole carboxaldehyde (1 1.5 g, 106 mmol), hydrazine hydrate 
(55% aqueous solution) (32.0 mL, 32.9 g, 565 mmol, 5.3 eq), and ethylene glycol (85 
mL) were heated at 145°C for 1-2 h. as the water distilled from the reaction mixture. 
The oil bath was removed and the reaction mixture was allowed to cool to 60°C. The 
distillation head was replaced with a reflux condenser. To the reaction mixture was 
added potassium hydroxide (21.0 g, 375 mmol) and the reaction mixture was heated 
at 130°C for approximately 1 h until nitrogen evolution had ceased. The oil bath was 
removed and the reaction mixture was allowed to cool at room temperature. The 
reaction mixture was extracted with diethyl ether (3x50 mL). The diethyl ether 
extracts were combined, dried over magnesium sulfate, filtered and the filtrate was 
concentrated in vacuo to give 1 0.45 g of the crude product. The product was purified 
by distillation. The 1,2-dimethyl-lH-pyrrole was collected at 140-144 °C (4.86 g). 
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Under conditi^^analogous to Example 76, 2-(l,5-D^^hyl-lH-pyrrol-2- 

yl)phenylamine was prepared and coupled with CMI to give 0.077 g of N-(4,5- 
dihy dro- 1 H-imidazol-2-y lmethy l)-2-( 1 ,5-dimethy 1- 1 H-pyrrol-2-y l)aniline fumarate. 



Example 79 

N-(4 ? 5-DihydrO'lH-imidazol-2"ylmethyl)-2"(3>methyl-2-pyridiDyl)aDilin€ 
fumarate 

2-Bromo-3-methylpyridine (0.65 g, 3.8 mmol) and N-(/er/-butoxycarbonyl)-2- 
amino-l-phenylboronic acid (0.90 g, 3.8 mmol), prepared according to the method 
described by J. J. S. Lamba and J. M. Tour in J. Am. Chem. Soc, 1994, 77(5, 1 1723- 
1 1736, were coupled as in Example 70 (also see J. Org. Chem., 1995, 60, 292), to 
give 1.45 g of crude /err-butyl 2-(3-methyl-2-pyridinyl)phenylcarbamate, which was 
deprotected as in Example 75 to give 0.45 g of 2-(3-methyl-2-pyridinyl)aniline. 

CMI (91%) (0.28 g, 1 .64 mmol) and 2-(3-methyl-2-pyridinyl)aniline (0.435 g, 
2.36 mmol, 1.4 eq) were coupled as described in the general procedure for CMI 
couplings to give 0.107 g of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(3-methyl-2- 
pyridinyl)aniline fumarate. 



Example 80 

N-(4,5-Dihydro-lH-imidazoI-2~ylmethyl)-2 , >(trifluoromethyl)[l,l , -biphenyl]-2- 
amine fumarate 

2-Nitro-2'-(trifluoromethyl)biphenyl was prepared analogously to Example 
70, the nitro group was reduced to the amine, and the resulting 2'-(trifluoromethyl)- 
[l,r-biphenyl]-2-amine was coupled with CMI to give N-(4,5-dihydro-lH-imidazol- 
2-ylmethyl)-2 , -(trifluoromethyl)[ 1 , 1 '-biphenyl]-2-amine fumarate. 



Example 81 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-3~methyl-2-(2'thienyI)aniline fumarate 

2~Bromo-3-nitrotoluene (3.35 g, 15.5 mmol) and 2-(tributylstannyl)-thiophene 
(5.7 g, 15.3 mmol, 1..0 eq) were coupled as in Example 75 to give 2.08 g of 2-(2- 
methyl-6-nitrophenyl)thiophene, which was reduced under conditions similar to 
Example 64 to give 1.4 g of 3-methyl-2-(2-thienyl)aniline. 

CMI (91%) (0.307 g, 1.80 mmol) and 3-methyl-2-(2-thienyl)aniline (0.709 g, 
3.75 mmol, 2.05 eq) were reacted under conditions described in the general procedure 
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for CMI coupling to give 0.081 g of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-3- 
methyl-2-(2-thienyl)aniline fumarate. 

Example 82 

N-(4,5-Dihydro-lH-imidazol-2-yImethyl)-2-(2-furyl)aniline hydrochloride. 

A DMF solution of 2-nitrobromobenzene (2.02 g), 2-tributylstannylfuran (3.31 
mL), and tetrakis(triphenylphosphine)palladium was heated at 97°C under N 2 
overnight. The mixture was evaporated to a small volume. The residue was 
suspended in 40 mL of water. This mixture was extracted with two 50 mL portions of 
Et 2 0. The combined extracts were dried and evaporated. This oil was purified by 
chromatography on silica gel with 10% EtOAc/hexanes to yield 0.51 g (27%) of 2-(2- 
nitrophenyl)furan. [This compound was reported in Smith et al.; J. Am. Chem. Soc. 
1953, 75, 6335.] 

2-(2-Nitrophenyl)furan (0.51 g) was dissolved in 10 mL of EtOH. To this 
solution was added 0.07 g of 10% Pd/C and 1 mL of EtOH. This mixture was stirred 
and treated dropwise with 1 .4 mL of 35% hydrazine. The suspension was filtered, 
and the filtrate was evaporated. The resulting residue was taken up in 50 mL of 
toluene and re-evaporated to give 2-(2-aminophenyl)furan. [This compound was 
reported in Smith et al.; J. Am. Chem. Soc. 1953, 75, 6335.] 

2-(2-Aminophenyl)furan (0.43 g) and CMI (0.38 g) were reacted under 
conditions described in the general procedure for CMI couplings to afford 0.093 g of 
N-(4,5-dihydro- 1 H-imidazol-2-ylmethyl)-2-(2-furyl)aniline hydrochloride. 

Example 83 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(2-pyridinyl)aniline hydrochloride. 

A solution of 2-nitrobromobenzene (2.02 g), 2-bromopyridine (0.80 g), copper 
powder (1.29 g), and palladium dichloride (0.049 g) in 15 mL of DMSO was heated at 
120°C under N 2 for 2 hours. Once cooled, the mixture was diluted with 100 mL of 
10% aqueous ammonia and stirred for 30 min. This mixture was filtered, and the 
filtrate was extracted several times with CHCI3. The combined extracts were dried 
(Na 2 S0 4 ) and evaporated. The crude product was purified by chromatography on 
silica gel with 20% EtOAc/hexanes to yield 0.22g (22%) of 2-(2- 
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Nitrophenyl)pyridine7[This compound was reported by Molina, Pedro; Lorenzo, 
Angeles; Aller, Enrique; Tetrahedron; 1992, 48, (22), 4601-4616.] 

2-(2-Nitrophenyl)-pyridine (0.22 g) was reduced under conditions similar to 
Example 82 to give the aniline. [This compound was previously reported by Petrow 
et aL; J. Chem. Soc, 1943, 316.] 

2-(2-Aminophenyl)pyridine (0.44g) and CMI (0.4 g) were coupled under 
conditions described in the general procedure for CMI couplings to give N-(4,5- 
dihydro- 1 H-imidazol-2-ylmethyl)-2-(2-pyridinyl)aniline hydrochloride. 



Example 84 

N-(4,5"Dihydro-lH-imidazol-2-ylmethyl)-2-(2-pyrimidinyl)aniline> 

2-Nitrobromobenzene (2.02 g) and 2-bromopyrimidine (0.80 g) were coupled 
as in Example 83, and the product reduced as in Example 64 to give 2-(2- 
aminophenyl)pyrimidine. This was reacted with CMI under conditions described in 
the general procedure for CMI couplings to give N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-(2-pyrimidinyl)aniline. 

Example 85 

N-(4,5-Dihydro-lH-imidazoI-2-ylmeth^ 
fumarate 

Under conditions analogous to Example 79, N-(tert-butoxycarbonyl)-2-(3- 
trifluromethyl-2-pyridyl)aniline was prepared, deprotected and coupled with CMI to 
afford the fumaric acid salt of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(3- 
trifluoromethyl-2-pyridyl)aniline. 

Example 86 

N-(4,5-Dihydro>lH-imidazoI-2-ylmethyl>2-(2-methyM,3-oxazol-5-yl)aniline 
hydrochloride 

2-Bromo-2'-nitroacetophenone (2.69 g, 1 1 .0 mmol) in acetonitrile (20 mL) 
was cooled to 0°C under nitrogen and treated with tetrabutylammonium azide (3.29 g, 
1 1.6 mmol, TCI America, Portland, Oregon) in acetonitrile (20 mL) dropwise. After 
stirring at room temperature for 30 minutes, the solution was poured into ice water 
(100 mL) and extracted with diethyl ether (3x30 mL). The extracts were combined, 
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dried over magnesium sulfate, and the volatiles were removed by evaporation under 
reduced pressure to yield 2.19 g of 2-azido-2'-nitroacetophenone. 

Triphenylphosphine, polymer bound, (5.3 g, 3 mmol/g, Fluka Chimica, Buchs, 
Switzerland) was slurried in toluene (75 mL). A solution of 2-azido-2'- 
nitroacetophenone (2.18 g, 10.6 mmol) and acetyl chloride (0.848 g, 10.8 mmol) in 
toluene (25 mL) was added at room temperature, under a nitrogen atmosphere. The 
solution was stirred at room temperature for six hours, then filtered over celite. All 
volatiles were removed from the filtrate by evaporation under reduced pressure to 
yield 0.91 g of crude 2-methyl-5-(2-nitrophenyl)oxazole. Crude 2-methyl-5-(2- 
nitrophenyl)oxazo!e (0.905 g, 4.44 mmol) was reduced as in Example 64, and the 
product purified by silica chromatography to give 0.5 1 g of 5-(2-aminophenyl)-2- 
methyloxazole. 

5-(2-Aminophenyl)-2-methyloxazole (0.400 g, 2.3 mmol) and CMI (0.204 g, 
1 .32 mmol) were coupled as described in the general procedure for CMI couplings to 
give 0.045 g of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(2-methyl-l,3-oxazol-5- 
yl)aniline as the hydrochloride salt. 

Example 87 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(2-inethyl'-l y 3'thiazol-4»yl)aniIine 
hydrochloride 

2-Bromo-2'-nitroacetopenone (1.15 g, 5.13 mmol) and thioacetamide (0.395 g, 
5.26 mmol) were mixed in chloroform (10 mL) and tetrahydrofuran (5 mL), under 
nitrogen. The slurry was heated to reflux for 20 minutes, then cooled to room 
temperature, and 1 .3 g of white solid collected by filtration. 1 .2 g of the precipitate 
was dissolved in ethanol (50 mL), and heated to reflux for 1 hour. The solution was 
cooled to room temperature, and potassium carbonate (0.7 g) was added. The volatiles 
were removed by evaporation under reduced pressure. The residue was purified by 
silica gel chromatography using 20% ethyl acetate in hexanes to yield 0.53 g of 2- 
methyl-4-(2-nitrophenyl)thiazole, which was reduced as in Example 64, using 
platinum oxide hydrate as catalyst, to give 0.415 g of 4-(2-aminophenyl)-2- 
methylthiazole. 

4-(2-Aminophenyl)-2-methylthiazole (0.375 g, 1.97 mmol) and CMI (0.153 g, 
0.99 mmol) were coupled under conditions described in the general procedure for 
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CMI couplings to give N-(4,5-dihydro-lH-imidazol-2-ylmethyI)-2-(2-methy 1-1,3 - 
thiazol-4-yl)aniline as the hydrochloride salt. 



Example 88 

N-(4,5-Dihydro-l H-imidazol-2-ylmethyl)-2-(2-methvl-l,3-oxazol-4-yl)aniline 
10 hydrochloride 

2-Bromo-2'-nitroacetopenone (1.55 g, 6.92 mmol) was dissolved in acetic acid 
(10 mL) under a nitrogen atmosphere. Potassium acetate (1 .36 g, 13.84 mmol) was 
added, and the solution heated to reflux for two hours. The mixture was cooled to 
room temperature and ammonium acetate (1 .87 g, 24.22 mmol) was added. The 
15 mixture was heated to reflux and maintained for three hours. After cooling, the 
mixture was poured into ice water, and carefully neutralized with ION sodium 
hydroxide solution. The product was extracted with ethyl acetate (3x25 mL). The 
extracts were combined, washed with saturated sodium chloride solution, dried over 
magnesium sulfate, and the volatiles were removed by evaporation under reduced 
0 pressure to yield 1 .3 g of crude 2-methyl-4-(2-nitrophenyl)oxazole, which was 

reduced as in Example 64 and purified by silica gel chromatography to give 0.075 g 
of 4-(2-aminophenyl)-2-methyloxazole. 

4-(2-Aminophenyl)-2-methyloxazole (0.073 g, 0.42 mmol) and CMI (0.062 g, 
0.39 mmol) were coupled under conditions described in the general procedure for 
> CMI couplings to yield 0.040 g of N-(4,5-dihydro-lH-imidazol-2-ylmethyI)-2-(2- 
methyl-l,3-oxazol-4-yl)aniline as the hydrochloride salt. 



Example 89 

N-(4,5-Dihydro-lH-imidazoI-2-vlmethyl)-2-(3-methyl-5-isoxazolyl)aniline 
fumarate 

2-(3-Methyl-5-isoxazolyl)benzenamine (243 mg, 1.4 mmol, prepared as 
described by Sakamoto: Tetrahedron, 1991, 47, 51 1 1-51 18) and CMI (120 mg, 0.7 
mmol) were coupled under conditions described in the general procedure for CMI 
couplings to give 121 mg of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(3-methyl-5- 
isoxazolyl)aniline as the fumarate salt. 



Example 90 
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« N-(4,5-Dihydro-lH-imidazol-2-vlmethYD-2-[l-(2,2,2-trinuoroethyl)-lH-l,2,4- 

triazoI-5-yllaniline fumarate 

2-Nitrobenzamide (2.5 g, 15 mmol) was dissolved in dimethylformamide- 
dimethylacetal (10 mL) and heated to 100°C for 1 hour. Upon cooling, the reaction 
mixture was placed in a freezer at -23°C overnight. The white precipitate was 
10 collected by filtration and rinsed with hexane to provide N- 

[(dimethylamino)methylene]-2-nitrobenzamide (3.06 g), which was used without 

further purification. 

N-[(Dimethylamino)methylene]-2-nitrobenzamide (1.0 g, 4.5 mmol) in acetic 

acid (25 mL) and n-butanol (15 mL) was treated with 70% aqueous 1,1,1- 
1 5 trifluoroethylhydrazine ( 1 mL, 1 1 .3 mmol), and heated to reflux for 2 hours, at which 
time the volume was reduced by -25 mL by distillation. The remaining solvent was 
removed in vacuo, and the residue chromatographed on silica eluting with 3:1-1 :1 
hexanerethyl acetate to afford l-(2,2,2-trifluoroethyl)-5-(2-nitrophenyl)-l,2,4-triazole, 
which was reduced as in Example 64 to give crude l-(2,2,2-trifluoroethyl)-5-(2- 

20 aminophenyl)-l ,2,4-triazole (430 mg). 

l-(2,2,2-Trifluoroethyl)-5-(2-aminophenyl)-l,2,4-triazole and CMI were 

coupled using conditions described in the general procedure for CMI coupling to give 

the fumaric acid salt of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-[l-(2,2,2- 

trifluoroethyl)-! H-l ,2,4-triazol-5-yl]aniline. 
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Example 91 

N-i4 < 5-Dihvdro-lH-imidazol-2-ylmethyl)-2-(l-isopropyl-lH -l,2,4-triazol-5- 

yl)aniline fumarate 

l-/err-Butoxycarbonylhydrazine (10 g, 80 mmol) was dissolved in acetone 
(150 mL) and stirred overnight. Concentration in vacuo gave N-methylethylidene-N- 
tertbutoxycarbonylhydrazine, which was used without further purification. 

l-Methylethylidene-2-rer/-butoxycarbonylhydrazine, glacial acetic acid (150 
mL) and 10% palladium on carbon (2.0 g) were placed in a 500 mL Parr flask. The 
bottle was placed on a Parr apparatus, and after evacuating and flushing the bottle 
35 with nitrogen three times, the flask was charged with hydrogen to 40 psi. After 

hydrogen uptake ceased, the flask was evacuated and flushed with nitrogen. Filtration 
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through celite, eluting with ethyl acetate, and concentration af^ed the crude 1- 
(isopropyJ)-2-tert-butoxycarbonylhydra2ine as an acetic acid salt. 

l-(isopropyl)-2-tert-butoxycarbonylhydra 2 i ne acetate (3.2 g, 18.4 mmol) was 
dissolved in methanol (35 mL) and treated with 4M hydrochloric acid in dioxane (10 
mL). The reaction was stirred at room temperature for 24 hours, then heated to reflux 
for an additional 24 hours. Filtration through silica and concentration gave iso- 
propylhydrazine as the hydrochloride salt. 

N-[(Dimethylamino)methyleneJ-2-nitrobenzamide, prepared in Example 90 
and .sopropylhydrazine hydrochloric acid salt were reacted as in Example 90 to give 
l-(2-propyl)-5-(2-nitrophenyl)-l,2,4-triazole, which was reduced and coupled with 
CMI similarly to give the fumaric acid salt of N-(4,5-dihydro- 1 H-imidazol-2- 
ylmethyl)-2-(2-propyl-lH-l,2,4-triazol-5-yl)ani]ine. 

Example 92 

N-(4,5-Dihvdro-lH-i m ida Z ol- 2- V l m ethyl)-2-a- D ronvl-tH-l,2,4-tria Z ol- 5- 
yl)aniline fumarate 

In a fashion analogous to Example 90, l-(l-propyl)-5-(2-nitrophenyl)-l 2 4- 
tnazole was prepared, the nitro reduced, and the resulting l-(l-propyl)-5-(2- 
aminophenyl)-l,2,4-triazole coupled with CMI to give the fumaric acid salt of N-(4 5 
dihydro-lH-imidazol^-ylmethyD^Kl-propyl-lH-l^^-triazol-S-yDaniline. 

Example 93 

j W-Dihydro-! H-in,idaz, l -2-y lmf ,h v l>.2-„- butvl ., 2 ■.- ^ o l -5-v]> a n. li „, 
fumarate 

In a fashion analogous to Example 90, l-(l-butyl)-5-(2-nitrophenyl)- 1,2,4- 
triazole was prepared, the nitro reduced, and the resulting 1 -( 1 -butyl)-5-(2- 
aminophenyl)-l,2,4-triazole coupled with CMI to give the fumaric acid salt of N-(4 5- 
dahydro- 1 H-imidazol-2-ylmethyl)-2-( 1 -butyl- 1 H- 1 ,2,4-triazol-5-yl)aniline. 

Example 94 

N-(^5-Dihv«lro- 1 H- imi da Z o l -2- Ylmf , hv , ) , 7 , (1 , e , hv ,. 1H , 124 ,, ri ^„,.,^_ :|: 
fumarate 

In a fashion analogous to Example 90, l-ethyl-5-(2-nitro P henyl)-l,2,4-triazole 
was prepared, the nitro reduced, and the resulting l-ethyl-5-(2-aminophenyl)-l,2,4- 
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triage coupled with CMI to give the fumanc acid salt of N-(4,5-dihydro-lH- 
im,dazol-2-ylmethyl)-2-( 1 -ethyl- 1 H- 1 ,2,4-triazol-5-yl)aniline. 

Example 95 

yl)aniline — 

In a fashion analogous to Example 90, l-methyl-5-(2-nJtrophenyl)-l 2 4- 
tnazole was prepared, the nitro reduced, and the resulting l-methyl-5-(2- 
aminopheny.-l^^-tria.ole coupled with CMI to give N- ( 4,5-dihydro-lH-imidazol- 
2-ylmethyl)-2-(l- met hyl-lH-l,2,4-tria2ol-5-yl)aniline. 

Example 96 

^^^^ 

hydrochloride " 

In a fashion analogous to Example 90, >-H-5-(2-ni tt oph e nyl)-l,2,4-tria 20 le 
was spared, U,e ni.ro reduced, and fte resulring l-H-5-(2-ami„ophe„yl)-, 2 4- 
mazoie coupled wirh CM, ,o give ,he hydrochloric acid sa„ of N -(4,5-dih y dro-lH- 
.m,da20l-2-ylme,hyl>2-(l-butyl-IH-l,2,4- U -ia 2 ol- 5 -yl)a„ nine . 

Example 97 

^^^^^^ 

CMI (9!%) (0.35 g, 2.05 mmol) and 1 -(2-ami„ophenyl)pyrr 0l e (0.60 g 3 8 
mmo., 2.0 e q ) were coupied under condi.ions described in ,he general procedure for 

CMI coupling ,o give 0.13 g of N-(4,5-dihydro-lHrimidazol-2-ylme«hyl)-2.( 1 H- 
pyrrol- 1 -yl)aniline fumarate. 

Example 98 

Ace.onylace.one (2.0 g, 1 7.5 mmol), o-ntaoaniline (2.6 g, 1 8.8 mmol, I 07 
eq), and^oluenesulfonic acid monohydrate (0.3 1 g, 1 .63 nrmol) in toluene (75 m n 
were hea,ed a, reflux wi«h azeoropic removal of wa.er overnight. The crude produc. 
was punfled by column chromatography over silica gel ,o give 2 28 g of 2 5 
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dimethyl- 1 -(2-nitrophenyl)- 1 H-pyrrole, which was reduced as in Example 64 to give 
0.46 g of 2-(2,5-dimethyl-lH-pyrrol-l-yl)benzenamine. 

CMI (91%) (0.343 g, 2.0 mmol) and 2-(2,5-dimethyl-lH-pyrrol-l- 
yl)benzenamine (0.458 g, 2.46 mmol, 1 .2 eq) were coupled as described in the general 
procedure for CMI coupling to give 0.033 g of N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-(2,5-dimethyl- 1 H-pyrrol- 1 -yl)aniline fumarate. 

Example 99 

N -f4,5-Pihydro-lH-iniidazol-2-vlmethyl)-2 -(2-oxazolyl)aniline fumarate 

2- (2-Nitrophenyl)oxazole was made by the process reported by Cass as 
modified by Jung [Cass, W. E.; J.Amer.Chem.Soc. 1942, 64, 785; Jung, Michael E.; 
Dansereau, Susan M. K.; Heterocycles, 1994, 39, (2), 767-78.], and reduced under 
conditions similar to Example 64 to give 2-(2-aminophenyl)oxazole. 

CMI and 2-(2-aminophenyl)-oxazole were coupled using conditions described 
in the general procedure for CMI coupling to furnish the fumarate salt of N-(4,5- 
dihydro-lH-imidazol-2-ylmethyl)-2-(2-oxazolyl)aniline. 

Example 100 

N^4.5-Dihydro-lH-imidazol-2-vlmethyl)-2-( lH-pyrazoM-yl)aniline fumarate 

3- Dimethylamino-2-(2-nitrophenyl)propenal (Maybridge) in ethanol was 
treated with hydrazine via syringe and heated to reflux for 16 hours. Concentration in 
vacuo afforded crude 4-(2-nitrophenyl)pyrazole, which was reduced as in Example 64 
and coupled with CMI to give the fumaric acid salt of N-(4,5-dihydro-lH-imidazol-2- 
ylmethyl)-2-( 1 H-pyrazol-4-yl)aniline. 

Example 101 

N-(4,5-Pihydro-lH-imidazol-2-vlmethyl)-2-(l -methvl-lH-pyrazol-5-yl)aniIine 
fumarate 

3-(Dimethylamino)-2'-nitroacrylophenone (3.0 g, 13.5 mmol) in absolute 
ethanol (25 mL) was treated with methylhydrazine (800 uL, 20 mmol) and heated to 
reflux for 5 hours. The solvent was distilled off, and the residue chromatographed on 
silica eluting with 2:1 hexane:ethyl acetate to provide l-methyl-5-(2- 
nitrophenyl)pyrazole (1.9 g) and l-methyl-3-(2-nitrophenyl)pyrazole (350 mg). 
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l-Methyl-5-(2-nitrophenyl)pyrazole was reduced as in Example 64 and 
coupled with CMI under conditions described in the general procedure for CMI 
coupling to give the fumaric acid salt of N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2- 
( 1 -methyl- 1 H-pyrazol-5-yl)aniline. 

Example 102 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(l-methyl-lH-py razoI-3-yl)aniline 
methanesulfonate 

l-Methyl-3-(2-nitrophenyl)pyrazole, prepared in Example 101, was reduced as 
in Example 64 and coupled with CMI under conditions described in the general 
procedure for CMI coupling to give the methanesulfonic acid salt of N-(4,5-dihydro- 
1 H-imidazol-2-ylmethy l)-2-( 1 -methyl- 1 H-pyrazol-3-y l)aniline. 

Example 103 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(l-ethyl-lH-pyraz ol-5-yl)aniline 
fumarate 

As in Example 101, l-ethyl-5-(2-nitrophenyl)pyrazole (630 mg) and 1-ethyl- 
3-(2-nitrophenyl)pyrazole (120 mg) were prepared and separated by chromatography. 

l-Ethyl-5-(2-nitrophenyl)pyrazole, was reduced as in Example 64 and coupled 
with CMI under conditions described in the general procedure for CMI coupling to 
give the fumaric acid salt of N-(4,5-dihydro-l H-imidazol-2-ylmethyl)-2-(l -ethyl- 1H- 
pyrazol-5-yl)aniline. 

Example 104 

N-(4,5-Dihydro-lH-imidazoI-2-ylmethyl)-2-(l-ethyl-lH-pyraz ol-3-yl)aniline 
fumarate 

l-Ethyl-3-(2-nitrophenyl)pyrazole, prepared in Example 103, was reduced as 
in Example 64 and coupled with CMI under conditions described in the general 
procedure for CMI coupling to give the fumaric acid salt of N-(4,5-dihydro-lH- 
imidazol-2-ylmethy l)-2-( 1 -ethyl- 1 H-pyrazol-3-yl)aniline. 

Example 105 

N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-H-(2 < 2,2-trifluoro ethyl)-lH-pyrazol- 
5-yllaniline fumarate 
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As in Example 101, l-(2,2 ) 2-trifluoroethyl)-5-(2-nitrftyl)pyrazole was 
prepared and purified by chromatography. The nitro group was reduced as in 
Example 64 and the product coupled with CMI under conditions described in the 
general procedure for CMI coupling to give the fumaric acid salt of N-(4,5-dihydro- 
lH-imidazol-2-ylmethyl)-2-[l-(2 5 2,2-trifluoroethyl)-lH-pyrazol-5-yl]aniline. 

Example 106 

N-(4,5-Dihydro-lH-i mi dazol-2-vln 1 ethvI)-2-aH-nvr aZ ol-3-vn a nnine 

As in Example 101, 3-(2-nitrophenyl)pyrazole (900 mg) was prepared. It was 
reduced as in Example 64 and coupled with CMI under conditions described in the 
general procedure for CMI coupling to give N-(4,5-dihydro-lH-imida2ol-2-ylmethyl)- 
2-( 1 H-pyrazol-3-yl)aniline. 



Example 107 

4-{2-K4,5-Dihvdro-lH-i mi dazo|.2-yl m ethvn am innlp henyIK2- DV ri mi d,n am ,n <> 
hydrochloride 

3-(dimethylamino)2'-nitroacrylophenone (1.0 g, 4.54 mmol) in absolute 
ethanol (25 mL) was treated with guanidine hydrochloride (540 mg, 5.68 mmol), and 
1 ON sodium hydroxide (200 uL). The reaction was heated to reflux for 1 8 hours. 
Upon cooling, a white precipitate was collected by filtration and rinsed with diethyl 
ether to give 4-(2-nitrophenyl)-2-pyrimidineamine (400 mg). Additional material was 
obtained by concentration and chromatography on silica, eluting with 1:1 
hexane:ethyl acetate. 

4-(2-Nitrophenyl)-2-pyrimidineamine was reduced as in Example 64 and 
coupled with CMI under conditions described in the general procedure for CMI 
coupling to give the hydrochloric acid salt of 4-{2-[(4,5-dihydro-lH-imidazol-2- 
ylmethyl)amino]phenyl } -2-pyrimidinamine. 

Example 108 

N-(4,5-Dihydro-lH-i m id a Z ol- 2- v l m efh y])-2-(5-i S ox a ,n.vn an ilinehvdrochlnHH. 

5-(2-nitrophenyl)isoxazole (850 mg, 4.5 mmol), prepared as in Example 101, 
was added portionwise to a suspension of stannous chloride dihydrate (3.3 g, 14.6 
mmol) in concentrated hydrochloric acid (8.3 mL). The reaction was heated to 105°C 
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" f ° r 1 h ° Ur - The reaction was cooled to 1 0°C and filtered, and the solid was added to 
water (10 mL). The solution was adjusted to pH 1 0 with 1 ON sodium hydroxide, and 
extracted with methylene chloride. The organic layer was dried over magnesium 
sulfate, filtered and concentrated in vacuo to give 5-(2-aminophenyl)isoxazole (220 
nig), which was coupled with CMI under conditions described in the general 

) procedure for CMI coupling to give the hydrochloric acid salt of N-(4,5-dihydro-lH- 
imidazol-2-ylmethyl)-2-(5-isoxazolyl)aniline. 

Example 109 

N^5-Dihydro-m-i m id azoN2-vlmethyl)-2- ( 3- m ethvl-T ,2 > 4-oxadiazol-5-vn a ni li n P 

2-Nitrobenzamide (12.4 g, 75 mmol) was dissolved in dimethylacetamide- 
dimethylacetal (25 mL) and heated to 120°C for 2 hours. Upon cooling, the reaction 
was passed through a short silica column, eluting with ethyl acetate. The crystals that 
formed in the collected eluent were collected by filtration and rinsed with diethyl 
ether to provide N-[(dimethylamino)ethylidene]-2-nitrobenzamide (7.73 g). 

To a solution of hydroxylamine hydrochloride (1.37 g, 20.1 mmol) in 5N 
aqueous sodium hydroxide (3.9 mL) was added N-[(dimethylamino)ethylidene]-2- 
nitrobenzamide (3.7 g, 15.7 mmol) portionwise. After stirring 20 minutes, the 
reaction was diluted with water (30 mL) and placed in a -23°C freezer for 1 hour. The 
yellow crystals were collected by filtration. This material was dissolved in glacial 
acetic acid and heated to 1 10°C for 14 hours. Toluene (30 mL) was added and the 
reaction fitted with a Dean-Stark trap. The toluene was removed by distillation over a 
2 hour period, and after cooling, water was added to the reaction mixture. After 2 
hours in a -23°C freezer, the precipitate was collected by filtration and rinsed with 
water to give 3-methyl-5-(2-nitrophenyl)-l,2,4-oxadiazole (2.63 g). 

3-methyl-5-(2-nitrophenyl)-l,2,4-oxadiazole (1.0 g, 4.8 mmol) in dioxane (1 1 
mL) at 80°C was treated with 1 1 mL of an aqueous solution of sodium sulfide 
nonahydrate (2.55 g, 10.6 mmol), also at 80°C. After stirring at that temperature for 
45 minutes, the reaction was diluted with water (15 mL) and cooled in an ice bath. 
The resulting precipitate was collected by filtration and rinsed with water to afford 3- 
methyl-5-(2-aminophenyl)-l,2,4-oxadiazole (522 mg). 

3-Methyl-5-(2-amino P henyl)-l,2,4-oxadiazole (250 mg, 1.43 mmol) and CMI 
(148 mg, 0.96 mmol) were dissolved in methanol (10 mL) and heated to 1 10°C. The 
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< methanol was allowed to boil off and the residue heated an additional 2 hours. Upon 
cooling to room temperature, the residue was chromatographed on basic alumina, 
eluting 1-5% methanol in methylene chloride, to afford N-(4,5-dihydro-lH-imidazol- 
2-ylmethyl)-2-(3-methyl-l,2,4-oxadiazol-5-yl)aniline (14 mg). 

10 Example 110 

N-(4,5-Dihydro-lH-imidazo^ 

yl)aniline 

Under conditions similar to Example 90, using N- 
[(dimethylamino)ethylidene]-2-nitrobenzamide, prepared in Example 109, 1,3- 
1 5 dimethyl-5-(2-nitrophenyl)- 1 H- 1 ,2,4-triazole was prepared. 

l,3-Dimethyl-5-(2-nitrophenyl)-lH-l,2,4-tria2ole (0.80 g, 3.67 mmol) was 
reduced as in Example 64 and coupled with CMI under conditions described in the 
general procedure for CMI coupling to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl)- 
2-(l ,3-dimethyl-l H-l ,2,4-triazol-5-yl)aniline. 

20 

Example 111 

N-(4,5-Dihydro-lH-imidazol~2-ylmethyl)-2>(3-methyl-lH-l,2,4-triazol-5- 

yQaniline hydrochloride 

As in Example 1 10, 3-methyl-5-(2-nitrophenyl)-lH-l,2,4-triazole was 
25 prepared. It was reduced as in Example 64 and coupled with CMI under conditions 
described in the general procedure for CMI coupling to give N-(4,5-dihydro-lH- 
imidazol-2-ylmethyl)-2-(3-methyl-lH-l,2,4-triazol-5-yl)aniline hydrochloride. 

Example 112 

30 N-(4,5-Dihydro-lH-imidazol-2-ylmethyl)-2-(5-methyl-l,2,4-oxadiazol-3-yl)aniline 

Sodium wire (4.0 g, 173 mmol) was added slowly to anhydrous methanol (400 
mL) and stirred for 15 minutes. To this solution was added hydroxylamine 
hydrochloride (10.0 g, 147 mmol), followed by 2-nitrobenzonitrile (10.0 g, 67.5 
mmol). The reaction was heated to reflux for 1 8 hours, and then concentrated in 
35 vacuo. The residue was dissolved in water and extracted with chloroform several 
times. After concentration, the material was dissolved in methanol and diethyl ether 
then diluted with hexane until the solution became cloudy. After 5 hours at 0°C, the 
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crystals were collected by filtration and rinsed with hexane to give l-N-hydroxy-2-(2- 
nitrophenyl)amidine (6.14 g). 

l-N-Hydroxy-2-(2-nitrophenyl)amidine (1.0 g, 5.52 mmol) in acetic anhydride 
(15 mL) was heated to 120°C for 16 hours. Concentration and chromatography on 
silica, eluting with 2:1 hexanerethyl acetate gave 3-(2-nitrophenyl)-5-methyl- 1,2,4- 
10 oxadiazole. 

3-(2-Nitrophenyl)-5-methyl-l,2,4-oxadiazole was reduced and coupled with 
CMI as in Example 109 to give N-(4,5-dihydro-lH-imidazol-2-ylmethyl>2-(5- 
methyl-l,2,4-oxadiazol-3-yl)aniline. 



15 Example 113 

N-(4,5-Dihydro-lH-imidazoI>2-ylmethyl)-2-(l,3-oxazol>5-yI)aDiline 

hydrochloride 

5-(2-Nitrophenyl)oxazole was reduced as in Example 64 and coupled with 
CMI under conditions described in the general procedure for CMI coupling to give 
20 the hydrochloric acid salt of N-(4,5-dihydro-lH-imidazoI-2-ylmethyl)-2-(l,3-oxazol- 
5-yl)aniline. 



Example 114 

N-[5-Chloro-2-(13-oxazol-5-yl)phenyl]"N-(4,5>dihydro-lH-imidazol-2- 
25 ylmethyl)amine fumarate 

To a solution of 2-nitro-4-chlorobenzaldehy de (2.2 g, 1 1.8 mmol) and/7- 
toluenesulfonyl-methylisocyanide (2.8 g, 14.2 mmol) in methanol (50 mL) was added 
potassium carbonate (8.2 g, 59 mmol) solid. The heterogeneous mixture was heated 
to reflux for 2.5 hours. Upon cooling to room temperature, the reaction was filtered 

30 and concentrated in vacuo. The residue was dissolved in 0.1 N sodium hydroxide and 
extracted with methylene chloride two times. The combined organics were dried over 
sodium sulfate, filtered and concentrated in vacuo to give crude 5-(2-nitro-4- 
chlorophenyl)oxazole. 

5-(2-Nitro-4-chlorophenyl)oxazole was reduced as in Example 64 and coupled 

35 with CMI under conditions described in the general procedure for CMI coupling to 
give the fumarate salt of N-[5-chloro-2-(l,3-oxazol-5-yl)phenyl]-N-(4,5-dihydro-lH- 
imidazol-2-ylmethyl)amine. 
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Example 115 

N-(4,5-Dihvd ro-lH-i m id a zol-2-yl m ethv])-2-(4-methvl-l ) 3-oxazoI-5-y]) a ni]ine 
fumarate 

To a 500-mL round bottom flask were added /Moluenesulfonylmethyl 
3 isocyanide (4.0 g, 20.5 mmol), iodomethane (5.8 g, 40.9 mmol, 2.0 eq), 
benzyltriethyJammonium chloride (1.1 g, 4.4 mmol, 0.2 eq) and dichloromethane (40 
mL). The solution was cooled in an ice-water bath. To the cold solution was added a 
cold solution of 30% sodium hydroxide (40 mL). The reaction mixture was stirred 
vigorously at 0°C for 3 h. To the reaction mixture was added dichloromethane and 
the layers were separated. The aqueous phase was extracted with dichloromethane. 
The organic solutions were combined, dried over magnesium sulfate, filtered and 
concentrated in vacuo to give an oil. The oil was extracted with cold diethyl ether. 
The diethyl ether solution was filtered and the filtrate was concentrated in vacuo to 
give 3.6 g of l-[(l-isocyanoethyl)sulfonyl]-4-methylbenzene. 

Using conditions similar to Example 1 14, with l-[(l-isocyanoethyl)sulfonyl]- 
4-methylbenzene and 2-nitrobenzaldehyde, 4-methyl-5-(2-nitrophenyl)-l,3-oxazole 
was prepared. This was reduced as in Example 64 and coupled with CMI under 
conditions described in the general procedure for CMI coupling to give N-(4,5- 
dihydro-lH-imida 2 ol-2-ylmethyl)-2-(4-methyI-l,3-oxazol-5-yl)aniline fumarate. 

Example 116 

N-(4,5-Dihydro-lH-i m ida 2 ol-2-yl m ethvn-2-n-is o P ropvMH-Dvr aZ ol-5-vl)aniline 
fumarate 

l-Isopropyl-5-(2-nitrophenyl)pyrazole (prepared from isopropylhydrazine and 
3-(dimethylamino)-2'-nitroacrylophenone using the method described in Example 
101), was reduced as in Example 64 and coupled with CMI under conditions 
described in the general procedure for CMI coupling to give the fumaric acid salt of 
N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(l-isopropyl-lH-pyra Z ol-5-yl)aniline. 

Example 117 

N-(4,5-Dihydro-lH-i m idazoI-2- y lmethvn-2-n- e thyl-lH-pvr aZ ol-4-vl)aniHne 
fumarate 
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l-EthyI-4-(2-nitrophenyl)pyrazole (prepared from ethylhydrazine and 3- 
dimethylamino-2-(2-nitrophenyl)prop e nal using the method described in Example 
100), was reduced as in Example 64 and coupled with CMI under conditions 
described in the general procedure for CMI coupling to give the fumaric acid salt of 
N-(4,5-dih y dro-lH-imidazol-2-ylmethyl)-2-(l-ethyl-lH-pyra 2 ol-4-yl)aniline 

10 

Example 118 

Nz^ihydro-lH-imidazo^^^ 
fumarate 

l-Methyl-4-(2-nitrophenyl)pyrazole (prepared from methylhydrazine and 3- 
15 d 1 methylamino-2-(2-nitrophenyl)pro P enal using the method described in Example 
100), was reduced as in Example 64 and coupled with CMI under conditions 
described in the general procedure for CMI coupling to give the fumaric acid salt of 
N^^-dihydro-lH-imidazol^-ylmethyD^Kl-methyl-lH-pyrazol^-yDaniline. 
20 Example 119 

{2-f(4,5-Dihydro-lH-imid^ol-2-vlmethvl^ niinol-6-methvlp h P n V i K i- 
pyrroiidinvQmethanone 

5-Methyl-2H-3,l-benzoxazine-2,4(lH)-dione was prepared from 2-amino-6- 
methylbenzoic acid using the method described in Example 38. 

{2-Amino-6-methylphenyl}(l-pyrrolidiny])methanone (prepared from 
pyrrolidine and 5-methyl-2H-3,l-benzoxazine-2,4 ( lH)-dione using the methods 
described in Example 1 7) and CMI were reacted using conditions described in the 
general procedure for CMI coupling to give {2-[(4,5-dihydro-IH-imidazol-2- 
ylmethyl)amino]-6-methylphenyl}(l- P yrrolidinyl)methanone. 

Example 120 

ig^romo^-K^S-d ihvdro-IH-imidazol^-vlm^thvDaminolp henvlin. 
pyrrolidinvQmethanone 

6-Bromo-2H-3,l-benzoxazine-2,4(lH)-dione was prepared from 2-amino-5- 
bromobenzoic acid using the method described in Example 38. 

{2-amino-5-bromophenyl}(l- P yrrolidinyl)methanone (prepared from 
pyrrolidine and 6-bromo-2H-3,l-benzoxazine-2,4(lH)-dione using the methods 
descnbed in Example 1 7) and CMI were reacted using conditions described in the 
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general procedure foftl coupling to give {5-bromo-2-[(4^hydro-lH-imidazol- 
2-ylmethyl)amino]phenyl}(l-pyrrolidinyl)methanone. 



Example 121 

{5-Bromo-2-K4,5-dihydro-lH-imidazol-2-vlmethyl)aminol-3-methylphenyl}(l- 

pyrrolidinyDmethanone 

6-Bromo-8-methyl-2H-3,l-benzoxazine-2,4(lH)-dione was prepared from 2- 

amino-5-bromo-3-methylbenzoic acid using the method described in Example 38. 

{ 2- Amino-5-bromo-3-methy lpheny 1 } ( 1 -pyrrolidinyl)methanone (prepared 
from pyrrolidine and 6-bromo-8-methyl-2H-3,l-benzoxazine-2,4(lH)-dione using th< 
methods described in Example 17) and CMI were reacted using conditions described 
in the general procedure for CMI coupling to give {5-bromo-2-[(4,5-dihydro-lH- 
imidazol-2-ylmethyl)amino]-3-methylphenyl} ( 1 -pyrrolidinyl)methanone. 



Example 122 

(5-Chloro-2-K4,5-dihydro-lH-imidazol-2-ylmethyl)amin o1phenyI}(l- 

pyrroHdinyDmethanone 

6-Chloro-2H-3,l-benzoxazine-2,4(lH)-dione was prepared from 2-amino-5- 

chlorobenzoic acid using the method described in Example 38. 

{2-Amino-5-chlorophenyl}(l-pyrrolidinyl)methanone (prepared from 
pyrrolidine and 6-chloro-2H-3,l-benzoxazine-2,4(lH)-dione using the methods 
described in Example 17) and CMI were reacted using conditions described in the 
general procedure for CMI coupling to give {5-chloro-2-[(4,5-dihydro-lH-imidazol- 
2-ylmethy l)amino]phenyl } ( 1 -pyrrolidinyl)methanone. 

Example 123 

l-{2-K4,5-Pihvdro-l/^-imidazol-2-vlmethyl)aminol-4,5-dimethoxyphenyl}-l- 

ethanone hydrochloride 

l-(2-Amino-4,5-dimethoxyphenyl)ethanone and were reacted using conditions 
described in the general procedure for CMI coupling to l-{2-[(4,5-Dihydro-l//- 
imidazol-2-ylmethyl)amino]-4,5-dimethoxyphenyl}-l-ethanone as the hydrochloride 

salt. 

Functional assay for agonist activity at cloned human Alpha! Adrenoceptors 
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Agonist activity of compounds at alpha 1A , a I p ha IB ,and alpha 1D adrenoceptors 
was examined using fluorescent dye determination of intracellular free calcium 
concentrations. Rat-1 fibroblast cells expressing human alpha IA , alpha 1B) and alpha ID 
adrenoceptor subtypes, were grown in DMEM, 10% fetal calf serum, and 0.25 mg/ml 
G418. Cells released from 225 cm 2 cell culture flasks with trypsin were diluted in the 
above media and added to 96 well clear bottom culture plates and grown for 48 hours 
at 37°C and 5% C0 2 . Cells were washed in a buffer comprised of 145 mM NaCl, 5 
mM KC1, 0.5 mM CaCl 2 , 1 mM MgCl 2 , 10 mM HEPES, 10 mM glucose, pH 7.4 
(assay buffer) to remove the growth media. Cells were loaded with Calcium Green 
dye (2 mM stock in DMSO, mixed 50/50 with 20% pluronic acid) at a 2 uM final 
concentration in the assay buffer containing 2.5 mM probenecid by incubation in the 
presence of dye for one hour at 37°C. After incubation, the plates were allowed to 
come to room temperature, washed twice with 100 ul assay buffer, and brought to a 
final assay volume of 50 jil. 

Basal intracellular calcium concentrations were monitored for 10 seconds 
before adding the unknown with an integrated 96 well pipettor. Fluorescence was 
measured from all 96 wells simultaneously using a CCD camera. Agonist activity was 
measured every second for the first 25 seconds then every 3 seconds for the next 1 5 
seconds. Agonist efficacy was expressed as a percentage of the maximal response to 
phenylephrine. As used herein, an "agonist" is a compound that elicits a maximal 
response greater that 50% of that of phenylephrine, with a pEC 50 > 5.5. The 
compounds in Examples 1-1 15 all are alpha- 1 A agonists. 
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CLAIMS 

1 . A compound of formula (I) or a pharmaceutically acceptable salt or solvate 

thereof, 





(I) 

10 wherein R 2 , R 3 , R 4 , and R 5 are independently H, halogen, -OH, -Ci- 3 alkyl, -C N 

3 alkoxy, -SCi- 2 alkyl, or -CF 3 , with the proviso that at least 2 of R 2 , R 3 , R 4 , and R 5 are 
H; 

R 6 isHor-CH 3 ; 

R 1 is -S(0)„R 7 where n is 1 or 2, -S(0) 2 NHR 8 , -C(0)R 9 , -NR 14 R 15 , -C(R I7 )=NOR 16 , 




15 

or a 5, 6, or 7 membered heteroalkyl or heteroaryl group optionally substituted with 1 
or two groups selected from the group consisting of the following substituents for 
carbon: Ci. 3 alkyl, -CH 2 CF 3 , -CF 3 , F, CI, C,. 2 alkoxy, Ci. 2 thioalkyl, and the following 
substituents for nitrogen: Ci- 3 alkyl and -CH 2 Ci. 2 fluoroalkyl; 
20 R 7 is Ci. 3 alkyl or Ci- 2 fluoroalkyl; 

R 8 is Ci. 3 alkyl or -CH 2 Ci. 2 fluoroalkyl; 

R 9 is Ci. 3 alkyl optionally substituted with 1-3 fluorine atoms, -NR l0 R n , -NHNR 12 R 13 , 
-CH 2 S0 2 CH 3 , 

-O .-O . -n-O , or - N ' 

25 R 10 isHorCi. 2 alkyl; 
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5 R 1 1 is H, cyclopropyl, cyclopropylmethyl, Cs^alkenyl with the proviso that any 
unsaturation is not adjacent to the depicted nitrogen, or Ci-6alkyl optionally 
substituted with hydroxy, Ci_ 3 alkoxy, or 1-3 fluorine atoms with the proviso that the 
carbon atom in R n that is bonded to the depicted nitrogen is not bonded to either a 
fluorine or an oxygen; 

10 R 12 is H or C,. 2 alkyl; 

R 13 is H, C 3 . 5 cycloalkyl, cyclopropylmethyl, -S0 2 CH 3 , -C(0)CH 3 , C 3 -6alkenyl with 
the proviso that any unsaturation is not adjacent to the depicted nitrogen, or Ci^alkyl 
optionally substituted with hydroxy, Ci_ 3 alkoxy, or 1-3 fluorine atoms with the 
proviso that the carbon atom in R 13 that is bonded to the depicted nitrogen is not 

15 bonded to either a fluorine or an oxygen,; 
R l4 isHorC,_ 2 alkyl; 

R 15 is C 3 . 5 cycloalkyl, cyclopropylmethyl, C^alkenyl with the proviso that any 
unsaturation is not adjacent to the depicted nitrogen, or Ci^alkyl optionally 
substituted with hydroxy, C|. 3 alkoxy, or 1-3 fluorine atoms with the proviso that the 
20 carbon atom in R 15 that is bonded to the depicted nitrogen is not bonded to either a 
fluorine or an oxygen; 
R 16 is Ci. 2 alkyl; 
R 17 isHorCi_ 3 alkyl; 
R 20 is H; and 

25 R 18 , R 19 , R 21 , and R 22 are independently H, halogen, hydroxy, Ci_ 3 alkyl, Ci_ 3 alkoxy, - 
SCi_ 2 alkyl, or -CF 3 with the proviso that at least one of R 18 , R 19 , R 21 , or R 22 is other 
than H. 



30 
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2. A compound of Claim 1 wherein R 2 , R 3 , and R 5 are H or F. 

3. A compound of Claim 1 or Claim 2 wherein R 4 = H, F, CI, -OCH 3 , or 



4. A compound of any of Claims 1-3 wherein R 6 is H. 



5. A compound of any of Claims 1-4 wherein R 1 is -S(0) n R 7 , S(Q) 2 NHR 8 , 
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N — ^ M 

, or 

5 




where R 23 is H, C,. 3 alkyl, or 2,2,2-trifluoroethyl, R 24 is H, C^alkyl, or 2,2,2- 
trifluoroethyl, and R 25 is H, methyl, or ethyl. 



6. A compound of Claim 5 where R 1 



IS 



N--N v \r- N s 

X/ u n X>- r2s 

where R 23 is isopropyl or 2,2,2-trifluoroethyl, R 24 is methyl or ethyl, and R 25 1S 
methyl, or ethyl. 



7. A compound of Claim 5 wherein R 1 S(0) 2 NHR 8 . 

8. A compound of Claim 7 wherein R 8 is CH 3 . 

9. A compound of Claim 5 wherein R 1 is -S(0) n R 7 . 

10. A compound of Claim 9 wherein n is 2 and R 7 is CH 3 . 

1 1 . A compound of Claim 1 selected from the group consisting of 
2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-propylbeii2amide, 
N-cyclopropyl-2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]ben2amide, 
2-[(4,5-dihydro- 1 H-imidazol-2-ylmethyl)amino]-N-methylbenzamide, 

{2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino] P henyl}(4-mor P holinyl)methanone, 

2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N,N-diethylbenzamide, 

2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-ethyl-N-methylben2amide, 

2-[(4,5-dihydro-lH-imidazol-2-ylmethyI)amino]-N-methyl-N-propylbenzamide, 

N-(4,5-dihydro-lH-imida2ol-2-ylmethyl)-2-(l,3-oxazol-5-yl)aniline, 

1 - {2-[(4,5-dihydro- 1 H-imidazol-2-ylmethyl)amino]phenyl}- 1 -ethanone, 
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* N -( 4 > 5 -dihydro-lH-imida 2 ol-2-ylmethyl)-2-(2-pyrazinyl)aniline, 

N-(4 ) 5-dihydro-lH-i m ida2ol-2-ylmethyl)-2-(2-methyl-l,3-thia2ol-4-yl)aniline 
N<4,5-dihydro-lH-imida Z ol-2-ylmethyl)-2<l- m ethyl-lH-pyra Z ol-3-yl)aniline 
N-(4,5-dihydro-lH-i m idazol-2-yl m ethyl)-2-(l- me thyl-lH-pyra 2 ol-5-yl)aniline! 
N-(4,5-dihydro-lH-imida Z ol-2-ylmethyl)-2-(methylsulfonyl)aniline, 

0 ^^^ro-lH-imidazol^-ylme^ 

N<4,5-dihydro-lH-imidazol-2-ylmethyl).2-(l- me thyl-lH-pyrrol-2-yl)amline, 

N-(4 5 5-dihydro-lH-i m idazol-2-ylmethyl)-2-(l-ethyl-lH-pyra Z ol-3-yl)aniline, , 

N<4,5-dihydro-lH-imidazol-2-ylmethyI)-2-(l-ethyl-lH-pyra^ol-5-yl)aniline J 

2-[(4 J 5-dihydro-lH-imidazol-2-ylmethyl)a J nino]-N-ethylben Z enesulfon^ 
N -( 4 > 5 -dihydro-lH^ ' 

^4,5-dihydro-lH-imidazol-2-ylme^^ 
5-yl]aniline, 

NK4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(ethyls U lfonyl)aniline, 

N-(4 J 5-dihydro-lH-imida^ol-2-ylmethyl)-5-fluoro-2-(methyls U lfonyl)a^line, 

N<4,5-dihydro-lH-imida2ol-2-yl m ethyl)-5-chloro-2-(methylsulfonyl)anili„e, 

N-(4,5-dihydro-lH-i m idazol-2-yl m ethyl)-5-methyl-2-(methylsulfonyl)anil^ 

N-(4 ; 5-dihydro-lH-imida2ol-2-yl m ethyl)-5- m ethoxy-2-(methylsulfonyl)aniline 

N-(4 ) 5-dihydro-lH-i m ida 2 ol-2-yl m ethyl)-2-[l-isopropyl-lH-l ) 2 ) 4-tria Z ol-5- 
yl]aniline, and pharmaceutically acceptable salts and solvates thereof. 

12. A compound of Claim 1 selected from the group consisting of 

N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-5-fluoro-2-(methylsulfonyl)aniline 5 

N-(4,5-dihydro-lH-imida 2 ol-2-ylmethyl)-2-(l-ethyl-lH-pyrazol-5-yl)aniline, 

2-[(4,5-dihydro-lH-imidazol-2-ylmethyl)amino]-N-methylben 2 enesulf 0 n a mide 

N<4 5 5-dihydro-lH-imida 2 ol-2-ylmethyl)-2-[l-(2,2,2-trifluoroethyl)-lH-l,2,4-triazol- 
5-yl]aniline, 

N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(methyl S ulfonyl)aniline,and 
pharmaceutically acceptable salts and solvates thereof. 

13. A compound of Claim 1 selected from the group consisting of 

N-(4,5-dihydro-lH-imidazol-2-ylmethyl)-2-(methylsulfonyl)anilineand 
pharmaceutically acceptable salts and solvates thereof. 
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5 14. A compound of any of Claims 1-13 wherein said compound is an alpha- 

1A agonist. 

1 5. A method for prevention or treatment of an alpha- 1 A mediated disease or 
condition comprising administration of a therapeutically effective amount of a 

10 compound of any of claims 1-14. 

16. The method of Claim 15 wherein said disease or condition is urinary 
incontinence, nasal congestion, priapism, depression, anxiety, dementia, senility, 
Alzheimer's, deficiencies in attentiveness and cognition, and eating disorders such as 

15 obesity, bulimia, or anorexia. 

17. The method of Claim 15 wherein said disease or condition is urinary 
incontinence. 

20 1 8. A compound according to any of Claims 1-14 for use in therapy. 

19. A pharmaceutical composition comprising a therapeutically effective 
amount of a compound of any of Claims 1-14. 

25 20. A pharmaceutical composition according to Claim 19 further comprising a 

pharmaceutically acceptable diluent or carrier. 

21. Use of a compound according to any of claims 1-14 for the manufacture 
of a medicament for the prevention or treatment of an alpha 1 A mediated disease or 

30 condition. 

22. Use of a compound according to Claim 20 wherein the said disease or 
condition is urinary incontinence, nasal congestion, priapism, depression, anxiety, 
dementia, senility, Alzheimer's, deficiencies in attentiveness and cognition, and eating 

35 disorders such as obesity, bulimia, or anorexia. 

23. Use according to claim 22 wherein the said disease or condition is urinary 
incontinence. 
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ABSTRACT 



Compound of formula (I) or a pharmaceutical^ acceptable salt or solvate 
thereof are disclosed. Such compounds are useful in the treatment of Alpha- 1 A 
mediated diseases or conditions such as urinary incontinence. 




(I) 
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